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Ths techcal memorandum addresses the development and screemg of technologies and 
process options and presents alternatlves for the remedration of surface and subsurface soils 
groundwater and contarmnant sources associated with Operable Umt 2 (OU2) at the Rocky Flats 
Envlronmental Technology Site (WETS) To address contammated media OU2 has been 
segregated lnto five remediation areas consistmg of the followmg (1) source areas for surface 
sod contammation (2) source areas for subsurface soil contammation (3) residual areas for 
surface soil contammation (4) residual areas for subsurface soil contammation and (5) 
contammated groundwater 

Corrective/remedial action objectives (C/RAOs) whch mtegrate requlrements of both 
the Resource Conservabon Recovery Act (RCRA) and Comprehensive Envlronmental Response 
Compensation and Liabdity Act (CERCLA) have been established for OU2 Based on these 
C/RAOs general response actions were developed that address the vanous contammated OU2 
media Remediabon targets were established m Techcal Memorandum No 1 for OU2 (DOE 
1995a) based on chemcal specific applicable or relevant and appmpnate requlrements (ARARs) 
and calculated nsk based concentratlons A companson of the maxmum detected concentrations 
of chemcals of concern (COCs) agamt selected remediabon targets was conducted Plutomum 
239 +240 (Pu 239 +240) was identified as the COC whlch exceeded remediatlon targets for both 
source and residual surface sod remediabon areas Tetrachloroethene (PCE) was identlfied as 
exceedmg the selected remediation target for both source and residual remediation areas for 
subsurface sod Additional charactemation efforts are m progress to address other COCs m 
source areas for subsurface soils withm OU2 These efforts will be mcorporated mto an 
engmeermg evaluationlcost analysis (EE/CA) whch 1s bemg prepared under separate cover 
Groundwater COCs whch exceed the selected remediatlon targets laclude carbon tetrachlolrde 
chloroform 1 1 dichloroethene methylene chlonde PCE mchloraethene vmyl chloride 
amencium 241 (Am 241) and Pu 239+240 

Remedial technologies were screened usmg a two phase process The mtlal phase 
screened technologies from the Comprehensive List of Technologies (CLT) (EG&G 1994) for 
techmcal mplementability based on OU2 site specific charactenstlcs The second phase 
consisted of an evaluation of effectiveness mtltutional unplementability and relative cost The 
screemg process removed technologies from further consideratlon that could not be 
unplemented because of site specific factors thereby reducmg the number of remedial 
technologies and process optlons for consideration m the development of remedial alternatives 
Representative process optlons were then selected from the screened list of technologies 

Remedial alternatives were developed for each of the five remediatlon areas of OU2 and 
are summanzed m the alternatives matm presented m Table 1 1 A general descnption of the 
remedial alternatives is provided in Section 5 0 All alternatives will be evaluated m further 
detail m the detailed analysis of alternatives (DAA) secbon of the OU2 corrective measures 
study/feasibility study (CMS/FS) 

(I \PROJECTS\72463\128 WPF15\19\95) vi 



1 0 lntroductlon 

I 



1 0  INTRODUCTION 

Various areas of  the Rocky Flats Environmental Technology Site (RFETS) are being 
remediated in accordance with provisions of the 1991 Interagency Agreement (IAG) between the 
U S Department of Energy (DOE) the U S Envlronmental Protection Agency (EPA) and the 
State of Colorado (State) (IAG 1991) The IAG mtegrates closure and corrective action 
provisions of the Resource Conservation and Recovery Act (RCRA) and the Colorado Hazardous 
Waste Act (CHWX) with the hazardous substance response requlrements contamed in the 
Comprehensive Envlronmental Response Compensation and Liability Act (CERCLA) to ensure 
protection of human health and the environment 

The various areas to be remediated called lndividual hazardous substance sites (IHSSs) are 
grouped into 16 operable umts (OUs) As outlined m Section IX B of the IAG statement of 
work remedial alternatives for the corrective measures study/feasibility study (CMS/FS) for 
each OU are to be developed and screened Thls techca l  memorandum addresses the 
development and screenmg of  technologies and process options and presents alternatives for the 
remediation of surface soils subsurface soils and groundwater associated with Operable Umt 
2 (OU2) 

Thls techca l  memorandum is intended to fulfill requirements specified m the IAG 
statement of  work Sections IX A 2 to IX A 5 for OU2 These IAG requirements mclude 

e Developmg general response actions (GRAs) (see Sectlon 4 0) 

e Identifymg areas and volumes of contammated media (see Section 2 0) 

e Identifymg and screemng corrective/remedial technologies (see Section 4 0) and 
I 

e Assemblmg the potential technologies mto alternatives (see Section 5 0) 

This techca l  memorandum contam seven sections includmg thls introduction plus two 
appendices Section 2 0 of  thls document briefly descnbes site charactemtion mformation for 
OU2 that has been obtamed through the RCRA facility mvestigatlodremedial mvestigation 
(RFI/RI) In addition Sectlon 2 0 provides the location and volumes of contammated media in 
each remediation area Section 3 0 contains the corrective and remedial actlon objectives 
(C/RAOs) Section 4 0 presents the GRAs and results of the mtial screemng process for 
potential remedml technologies and process options Section 5 0 presents the groupmg of 
remedial technologies into remedial alternatives for each of the remediation areas Section 6 0 
identifies potential locaaon and action specific applicable or relevant and appropnate 
requlrements (ARARS) for each remedial alternative Figures and tables are provided in Section 
7 

(I \PROJECTS\722463\128 WPFIS\19\95) 11  



2 0 Site Characteristics 

L 

n EGzG ROCKY FLATS e.$ 



2 0 SITE CHARACTERISTICS 

OU2 is one of 16 OUs at the WETS and as shown in Figure 2 1 is located on the 
southeastern side of  the WETS industrial area OU2 contam 22 IHSSs that have been 
orgamed into five remediation areas based on contammated media and type of contamination 
(1 e source vs residual) These five remediation areas mclude source areas for surface soil 
contammation source areas for subsurface soil contamination (potential or current) residual 
areas for surface soil contammation residual areas for subsurface soil contammation and upper 
hydrostratigraphc umt (UHSU) groundwater contammation The locations of  the individual 
IHSSs are shown on Figure 2 2 A matrut identifying the individual IHSSs in relation to the 
five remediation areas is presented 111 Table 2 1 

This section provides a bnef descnpoon of  the site geology (Section 2 1) the nature and 
extent of contarnmation (Section 2 2) and the fate and transport mechanrsms for the chemicals 
of concern (COCs) (Section 2 3) The information provided in h s  section is a summary of the 
site characternation results presented 111 the prellrmnary draft OU2 RFI/RI report (DOE 1993) 
Techrucal Memorandum No 9 for OU2 (DOE 1994b) and Techcal Memorandum No 1 for 
OU2 (DOE 1995a) 

2 1 Site Geology and Hydrogeology 

A bnef summary of  OU2 surficial and bedrock geology is presented below 

2 1 1 Surficial Geology 

Surficial geologic wts withm OU2 consist of alluvial hllslope and man made deposits 
Alluvial deposits mclude the Pleistocene aged Rocky Flats Alluvium younger terrace alluvia 
and various Holocene aged valley fill alluvia Hlllslope deposits consist of  Holocene aged 
colluvium and landslide slumps Man made deposits are artificial fills debns dumps and areas 
of disturbed suficial soil A bnef summary of the suficial deposits is presented below 

Rocky Flats Alluvlum The Rocky Flats Alluvium is the topographically hghest and oldest 
alluvial deposit at WETS The Rocky Flats Alluvium withm OU2 caps the pedunent surface 
between South Walnut and Woman Creeks The pedunent is completely truncated to the north 
east and south by these modem dramages The Rocky Flats Alluvium withln the OU2 area 
consists predommntly of beds and lenses of poorly to moderately sorted gravels and sands A 
few lenses of clay and silt also occur 

Hillside Deposrts Hillside deposits with111 the OU2 area mclude several alluvial terrace 
deposits valley fill alluvium colluvium and landslide slumps Slump features belong to two 
categories 1) areas along the hllsides whch exhibit evidence of mass movement of  suficial 
soil and possibly bedrock matenals along relatively distmct ruptures or glide surfaces and 2) 
areas of hummocky topography reflecting downslope creep of surficial soils but no observable 
rupture surface 
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Man Made Deposits Man made deposits within the OU2 area have k e n  identified usmg 
information from histoncal reports air photography and geologic field mapping Three general 
categories of man made deposits have been identified soil and debns dumps disturbed ground 
and artificial fill 

2 1 2 Bedrock Geology 

Bedrock geologic umts within the OU2 area consist of claystones siltstones and 
sandstones The No 1 Sandstone is considered the basal part of the Arapahoe Formation All 
lower bedrock umts are considered to be a part of the upper Laramie Formation (DOE 1993) 

Arapahoe FormaUon No 1 Sandstone Subsurface mvestigations have shown that the 
Arapahoe Formation No 1 Sandstone (No 1 Sandstone) is a distmct bedrock umt separate m 
geologic charactenstics from the underlymg Laramie Formatlon Most of the No 1 Sandstones 
are predominantly fine to medium gramed and represent deposition m low to moderate flow 
regunes The No 1 Sandstone is the straQgraphcally hghest sandstone encountered withm the 
OU2 area It is stratigraphrcally located from 0 to 20 feet below the overlymg surfkial deposits 
The sandstone drectly underlies the Rocky Flats Alluvium along a medlal paleoscour beneath 
OU2 Pnor to deposition of the Rocky Flats Alluvium erosion of the claystone/siltsone matenal 
in this area created the paleoscour The resultmg subcrop area beneath the Rocky Flats 
Alluvium is an unportant feature m that it allows vertlcal groundwater flow to the No 1 
Sandstone from the overlymg alluvial umts 

Lararme Formation The Laramie Formatlon is a fresh to braclush water non manne deposit 
Lithologic logging of the upper Laramie Formation suggests that m th~s area it is largely 
composed of claystone with lenses of fine gramed sandstone The most common upper Laramie 
Formation lithologies encountered m boreholes withm the OU2 area are claystones and silty 
claystones The upper Laramie Formatlon sandstone or siltstone mterbeds are approxunately 
10 feet duck except where mterbeds are stacked on top of each other Where sandstone 
interbeds are stacked a thlcker sandstone sequence results The sandstone mterbeds are 
commonly separated by thm sdtstone or claystone layers 

2 2 Nature and Extent of Contammafion 

The remediation targets selected for OU2 were compared agamt the maxunum detected 
concentrations of each COC to identify those contamlnants that warrant further consideration m 
the CMS/FS process If the maxlmum concentration was less than the respective remediation 
target the COC was ellmmated from further consideration For the purposes of identifymg and 
evaluating potential remedial technologies only those COCs with concentrations m excess of the 
OU2 remediation target levels were retamed in the CMS/FS process The results of this 
cornpanson for surface sods subsurface soils and groundwater are provided m Tables 2 2 2 3 
and 2 4 respectively The companson of maxunum concentrations of each COC agamt the 
selected remediation targets provides a more restnctive basis for assessmg M~UR and extent of 
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contamination and development of remedial alternatives than the use of average concentrations 
therefore the volume estunates could represent an over estimation of actual contamlnant 
volumes 

Several of the IHSS located m OU2 do not contain COCs in concentrations exceedmg the 
remediation targets developed in Techcal Memorandum No 1 These IHSSs include the East 
Spray Fields (IHSS 216 2 3) Gas Detoxification Site (IHSS 183) Oil Bum Pit Site No 2 (IHSS 
153) Pallet Bum Site (IHSS 154) and Reactwe Metal Destruction Site (IHSS 140) Smce these 
IHSSs do not requlre remedial actions based on the remediation targets they will not be 
addressed further m h s  document 

For purposes of identifymg and evaluatmg potential remedial technologies the extent of 
contammation for each IHSS was compared agamt the selected remediabon targets to idenbfy 
those IHSSs whch warranted further consideration m the CMS/FS process The results of h s  
companson are presented M Table 2 5 Further discussion concemg the nature and extent of 
contammation by remediation area is provided m the followmg paragraphs 

2 2 1 Source Areas for Surface Sod Contarmnatron 

Source areas for OU2 surface soils have been defined as localrzed areas of elevated 
l h s  contamlnant concentrations that have hstoncally acted as sources of contammation 

consists of the former drum storage site (903 Pad) and the 903 Pad Lip 

903 Pad 

The 903 Pad was a graded earthen area located at the southeast comer of the mdustnal 
area and was used for storage of waste drums between 1958 and 1967 The drums contamed 
machme oil (prmmly lathe coolant conslstmg of straight cham hydrocarbons with carbon 
tetrachloride) hydraulic oils vacuum pump oils trichloroethylene (TCE) perchloroethylene 
(PCE) silicone oils and acetone still bottoms contammated with either plutomum (Pu) or 
depleted uramum Contammated oil reportedly leaked from approxunately 420 drums located 
on the 903 Pad Thls resulted III the release of an estimated 18 O00 liters (5 OOO gallons) of 
liquid and 86 grams (Seed et a1 1971) to 126 grams (Krey and Hardy 1970) of Pu 239+240 
to the soil envuonment 

In 1960 a radiological survey at the 903 Pad mdicated that the pad area and the 
surroundmg (lateral) 10 feet of surficial soils were contammated with Pu 239+240 and depleted 
uramum By 1964 evidence of large scale deteriorabon of drums was reported and fill drrt was 
placed on highly contammated areas on the 903 Pad Surveys performed m the Lip Area m 
1967 revealed spreadmg of contarmnation dispersion (surface transport) was attnbuted to a 
heavy rain event Soil and rocks (east and downgradient of the storage area) contammated by 
ramwater runoff from the fenced area were hand excavated and deposited inside the 903 Pad 
fence (DOE 1992) 
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Drum removal activities from the 903 Pad began m 1968 Following drum removal 
radiological momtoring detected elevated levels of contamination m the surrounding areas 
Contaminant dispersion was attributed to high velocity wmds Radiation momtormg and 
mappmg of the 903 Pad area documented radiological contammtlon to a depth of 20 3 
centmeters (cm) (8 inches) 

1 

Fill material for leveling was applied to the 903 Pad m 1969 Additionally overlay 
material soil sterilant and an asphalt cover were placed over the 903 Pad (DOE 1992) In 
1970 6 mches of coarse road base was applied to the Lip Area 

Dumg momtomg of the 903 Pad in 1971 four hot spots were identified based on 
radiological surveys This led to the removal of 31 lulograms (kg) of depleted urmum and up 
to 10 3 milligrams (mg) of Pu from beneath the asphalt cover Durmg samplmg activities 
associated with this removal amon an oil layer contammated with depleted u m u m  was 
discovered at two separate boreholes at depths of 45 7 and 76 2 cm (18 rnches and 30 mches) 
respectively at the holes where the 31 kg of depleted urmum were extracted A clay layer was 
noted beneath the contammted zone At that tune no contammation was found below the clay 
layer and it was believed that the layer served as a natural b m e r  to downward migration of 
contammnts However the draft OU2 RFI/RI idenbfied radiological contammation at 
decreasing concentrations from 0 6 to 6 meters (2 to 20 ft) Volatde orgmc compound (VOC) 
contaminabon was found at depths to 7 3 meters (24 ft) 

I 
903 LIP Area 

Prior to the addition of an asphalt cap contammation present at the 903 Pad was 
transported by wmds and surface water runoff (Immediately followmg drum removal actlvities) 
and were deposited on soils in an east and southeast trendmg plume (Krey and Hardy 1970 
Seed et a1 1971) The analysis of spatial distnbution identlfies a west to east wmd transport 
mechaxllsm being the dormnant dispersal mechamsm of Pu 239+240 

Contaminated soil m h s  Lip Area identified m the past though Fidler (non intrusive 
survey equipment) momtonng and laboratory analysis has been excavated In 1973 an aenal 
radiological survey detected radioactive concentrations rn the Lip Area that were greater than 
2 OOO counts per mmute (cpm) In 1975 eight 55 gallon drums of sod were removed from the 
contaminated Lip Area as a pilot test for excavatlon techques Ambient a= momtomg d u m  
excavation did not detect Pu rn concentrations that would endanger onsite workers the public 
or the envlronment In 1976 approxunately 113 3 cubic meters (m3) (4 OOO cubic feet) of soil 
were removed from the withm the Lip Area Soil removal activitles were conducted agam m 
1978 covenng an estunated 3 995 m2 (43 OOO f?) at a depth of approxrmately 3 5 cm (9 mches) 
for soil that exceeded 2 OOO cpm This targeted area is believed to have been the topical 
depression southeast of the 903 Pad After each removal action the excavated area was covered 
with clean fill and revegetated Histoncal aenal photographs verify thts conclusion 
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Although several removal actions have been conducted in the 903 Lip Area recent 
sampling has detected the presence of Pu 239+240 The vertical profile of actimdes in the fill 
region follows a umque profile with depth In general the highest actlvity is found in the top 
3 cm (1 2 inches) followed by a sigmficant decrease between 6 and 9 cm (2 4 and 3 4 inches) 
then by an increase m actmde activity beneath the fill level The increase of actimde activity 
in the top 3 cm (1 2 inches) of fill matenal cannot be explained by previous wind dispersion 

Sod sampling conducted dunng the RFI/RI mdicated levels of Pu 239+240 in the Lip 
Area above the 1 800 picoCuries per gram (pCdg) remediation target The extent of 
contammation was denoted by generatmg OU2 isopleth maps of Pu 239+240 based on RFI/RI 
analytical results for the COCs (See Figures 2 3 and 2 4) Dunng the Lip Area removal 
activities m 1976 and 1978 an additional 20 cm of fill were added The areal extent of current 
Lip Area contammatlon is approxrmately 10 OOO m2 (107 600 ft2) m sue Assurmng a depth of 
40 cm (mcludmg the 20 cm of fill matenal that were added to the previously excavated Lip 
Area) the volume of contammated media that exceeds the remediation target is estunated to be 
4000 m3 (141 200 ft3) of soil 

No other COCs have been detected at concentrations greater than the OU2 remediation 
target 

2 2 2 Residual Surface Soil Contammation 

Residual surface soil contammation is defined as contammation present m the upper 5 cm 
(2 mches) of unpacted soil pnmarrly to the east and southeast of the 903 Lip Area Thls 
consists of most of the buffer zone east of the 903 Pad and Lip Area Those OU1 surface soils 
contiguous to OU2 whrch are contarmnated with low levels of plutontum are bemg 
admuustratively addressed under OU2 Thls 1s because th~s area of OU1 surface soil is believed 
to have been contammated by the 903 Pad Area 

Contarmnation m the surface soil residual area is atmbuted p m m l y  to wmd dispersion 
from the 903 Pad source area A small amount of Pu contamination ongmated from the stack 
effluent of the production facdities The spatial distnbution of Pu 239+240 where h s  region 
is adjacent to the source area is displayed m Figure 2 5 The data 111 h s  table mdicate a large 
variabllity in Pu 239+240 actlvity near the source area between samples taken by Colorado 
Department of Public Health and Envlronment (CDPHE) samplmg protocols and those whch 
were taken by Rocky Flats samplmg techmques 

Plutomum 239+240 was detected m OU2 residual surface soils m concentrations greater 
than the OU2 remedlation target level Two sample locations associated with two 2 5 acre plots 
outside of the Lip Area detected Pu 239+240 actlvity greater than 1800 pCdg outside of the 
903 Pad Lip Site In one of these plots two field duplicates were taken usmg the Rocky Flats 
sampler One sample exhtbited 380 pCdg and the other showed 1 1  OOO pCi/g Thls vanability 
probably occurred due to wlnd erosion some solubllity and leachabdity and the hot particle 
phenomenon As defined by Winsor and Whlcker (1979) a hot particle has an activity above 
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450 pCi/g and it is usually an agglomeration of numerous host soil gram and PuQ Studies 
conducted at Rocky Flats indicated a sigmficant vanation m the snes and spatial distnbutions 
of the Pu particles in the soil Pu oxides are insoluble under OU2 soil conditions and are 
subject to heterogeneous dispersion Therefore a large vanability m a short samplmg mterval 
is not surprising Additionally the soil sampling techques at Rocky Flats collect large 
quantities (up to 5 kg) of which only a small fraction is processed and analyzed This could 
explam the variation m actmde activities shown m Figure 2 5 

Other possible causes of the large vanability in actmde activity across the remediation 
area is prior vehcle and construction disturbance and past cleanup practices A 1994 alr 
photograph taken by the Radiological Assessment Group showed that large vehcular and/or 
construcbon disturbances occurred m at least one samplrng plot Based on the requlred samplmg 
protocol requmng 5 to 10 subsamples m the middle of the plot samples could have been taken 
in a hghly disturbed location whch is unrepresentative of the onglnal loadmg 

Extensive excavabon rn 1976 and 1978 rn the fmt plot to the southeast of the 903 Pad 
could also have affected the distnbubon of actmde activity Smce Pu actlvities pnor to the 
cleanup exceeded 10 OOO pCdg wmd and runoff d m g  cleanup probably spread the onglnal 
contammation to the southeast Thls would explam the hgh  readmgs (up to 5 700 pCdg) m thls 
area 

Based on current measurements the volume of contammated medlil that exceeds the 
remediation target is estmated to be 1 070 m3 (1 400 yd’) assurmng a 2 hectare (5 acre) plot 
at a 5 cm (2 mches) depth However the large vanabllity rn measured Pu 239+240 activity just 
east southeast of the 903 Pad has unplications m delmeating potential cleanup areas It is 
probable that expanded samplmg and analysis of Pu 239+240 actlvity 111 thls region could result 
in a larger area of concern perhaps by as much as 20 2 hectares (50 acres) Tlvs would 
increase the remediation volume by 10 700 m3 (14 OOO yd’ ) Further study should be conducted 
to determme the actual extent of Pu 239+240 activity in this region 

In regard to vertical distnbution of actmde activity m this surface soil source region near 
the 903 Pad more than 90 percent (and over 95 percent of detected activity outside of the Lip 
Area) of the Pu 239+240 is confned to the upper 12 cm (5 mches) of the sod regardless of the 
soil series or distance and dmt ion  from the 903 Pad (Litaor et a1 1994) The vertical profile 
depends on the mtlal loa- of Pu 239+240 on the soil surface the hgher the mtlal loadmg 
the greater the potentlal for translocation of actmdes with depth Also the actmdes are most 
closely associated with soil orgamc matter Sequential extraction expements showed that 45 
to 65 percent of the Pu 239+240 is associated with organrc matter 20 to 40 percent is bound 
to sesquioxides and 10 to 15 percent probably resides as PuQ particles loosely associated with 
prunary mmerals (Litaor et al unpublished data) 
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2 2 3 Source Areas for Subsurface Soil Contamination 

Source areas for OU2 subsurface soil contamination have been defined as IHSSs which 
were used as storage or disposal sites for low level hazardous or mixed wastes These areas 
may or may not currently contam waste matenal (e g spent solvents cuttmg oils and drums) 
Additional field charactenzation efforts have been imtiated to better quantify the nature and 
extent of contamination at these source areas This characterization and discussions on the 
nature and extent of contammation will be mcluded in the engineemg evaluatiodcost analysis 
(EEKA) Subsurface soil source areas for OU2 mclude the Mound Site and Trenches T 1 
through T 13 These removal actions are expected to be remedial in nature 

Based on mformation m the draft RFI/RI report for OU2 contamlnant concentrations for 
the soils beneath the 903 Pad currently do not exceed the remedianon targets Because there is 
a groundwater contamlnant plume beneath the 903 Pad it is assumed that the 903 Pad was and 
may currently be a source of contammints to the groundwater (the remediation targets for 
groundwater are much lower than the targets for subsurface soils) 

The Mound Site was used to dispose of drums contamg depleted u m u m  and 
beryllium contammated lathe coolant Some drums contauung PCE were also placed m the 
Mound Site In the past waste matenals were removed from the Mound Sites and were either 
slupped offsite for disposal or sent to Buddmg 774 for treatment 

The trenches (T 1 through T 13) were used pmnanly for the disposal of sanrtary sewage 
sludge contaminated with uraruum and plutomum and flattened empty drums contammted with 
uramum (DOE 1992) Plutomum and urmum contammated asphalt planlung from the solar 
evaporation ponds may have been placed 111 trenches T-4 T 11 and/or other trenches It is also 
suspected that some solvent beanng wastes were placed m some of the trenches however it is 
not known which of the trenches received the wastes Records indicate that approxunately 125 
drums contamg depleted u m u m  chlps and small amounts of lathe coolant were buned m 
Trench T 1 ' h s  trench is believed to have also received drums contauung metal tummgs still 
bottoms cemented c y m e  waste and copper alloy Trench T 9 is reported to contam scrap 
metal from production operations 

The trenches are currently bemg charactenzed as part of an effort to delmeate the extent 
of contammation m the Northeast Trench area The only COC whch was detected rn the 
subsurface soil source area at concentrahons exceedmg the OU2 remediaoon target level was 
PCE However it is recogmzed that only lunited charactenzation data are available for the 
burial trenches For the purposes of idenhfymg potential remedial technologies and altemauves 
technologies that could be uhlned to remediate a wide range of contammints and debns were 
evaluated 
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2 2 4 Residual Subsurface Soil Contamination 

Residual subsurface soil contamination is defined as contamination remaining in 
The subsurface soils subsurface soils after completion of subsurface source removal actions 

consist of all OU2 soils deeper than approxunately 5 cm (2 inches) (EPA 1992a) 

Charactemtion efforts conducted in support of the RFI/RI for OU2 identified PCE as 
the only COC occumng at concentrations greater than the OU2 remediation target level 
Concentrations of PCE exceed the remediation target of 2 210 mg/kg at two borehole locations 
(10191 and 24793) Both borehole locations lie in or near Trench T 3 at the Northeast Trench 
Area and may be addressed m any remedial actions taken at the Subsurface Soil Source Area 
It is suspected that waste matenals and liquid solvent waste stored m Trench T 3 may have been 
encountered dumg the dnllmg of the boreholes No other boreholes exceeded the remediation 
target 

The extent of contammation that exceeds the remediation targets could sigmficantly 
increase if modelmg demonstrates that lower levels of PCE m the subsurface soils are not 
protectwe of groundwater In this case the remediation target level could potentially be 
lowered Such a groundwater protection based remediation target will be developed m the 
detailed analysis of altermoves 

2 2 5 Upper Hydrostratigraphic Umt (UHSU) Groundwater Contammation 

The nature and extent of groundwater contammation is addressed first by descnbing the 
conceptual hydrogeologic model of the site followed by a discussion of the nature and extent 
of contamination observed dunng the WRI 

2 2 5 1  UHSU Conceptual Model 

Within OU2 the UHSU is compnsed of vanably and seasonally saturated parts of the 
unconsolidated surficial deposits the No 1 Sandstone that is 111 hydraulic connection with the 
saturated surficial matenals and weathered claystones of the Arapahoe and/or Lararme 
Formations Laramie Formation sandstones that subcrop beneath the No 1 Sandstone or 
saturated surficial soils also are considered part of the UHSU The unconsolidated surficial 
deposits consist of the Rocky Flats Alluvium colluvium valley fill alluvium and disturbed 
ground Groundwater is present m the UHSU under unconfined conditions except where parts 
of the No 1 Sandstone are overlam by claystone whch results 111 both confined and unconfined 
conditions withm the sandstone Figure 2 6 presents a schematx cross section of the site 
hydrostratigraphy 

The UHSU is located over the relatively flat divide of South Walnut Creek and Woman 
Creek and is truncated to the north east and south along these dramages The thrckness and 
geometry of the UHSU geologic umts are controlled by bedrock paleotopography specifically 
the north and south paleondges that generally trend east northeast the medial paleoscour that 
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lies between the two paleondges other bedrock paleotopographic lows and steps that exist on 
the weathered bedrock paleotopographc surface and depositional channels of the sandstones 
included in the UHSU A bedrock paleotopographrc map IS provided in Figure 2 7 

Groundwater flow withtn the UHSU is complex because of vanations m groundwater 
flow directions interactions between geologic umts and variations in degree of saturation and 
saturated hckness Groundwater flow w i h  the UHSU is strongly mfluenced by the bedrock 
paleotopography and the geometry and hydraulic charactenstlcs of the unconsolidated deposits 
comprising the UHSU Groundwater wihn  the UHSU generally is found withm the area 
descnbed as the medial paleoscour (Figure 2 7 )  and generally flows towards the northeast In 
the area of Trench 2 mediately south of the drum storage site groundwater locally flows to 
the south dumg hrgh water table conditions 

The areal extent and saturated hckness of the UHSU withm the medial paleoscour vary 
seasonally The north and south paleondges restnct groundwater outflow from the alluvium to 
the north and south The medial paleoscour is erosionally truncated along the north facmg 
hllslope of South Walnut Creek UHSU groundwater discharges from the No 1 Sandstone as 
seeps from h s  area 

Groundwater recharge to the UHSU withtn OU2 occurs as dnect infiltration of 
precipitatlon and by lateral and downward seepage from surface water features such as ditches 
Recharge to the No 1 Sandstone probably occurs from lnfiltratlon of precipitatlon and surface 
water through the overlying unsaturated surficial deposits vemcal groundwater flow from the 
overlying saturated surficial deposits and Mow from the saturated sandstone mts upgradient 
(west) of OU2 

I 

2 2 5 2  UHSU Contammaaon 

Contammtion m the UHSU groundwater exists throughout OU2 Source areas for 
UHSU groundwater contammatlon are not clearly defined but may ongmate from one or more 
waste disposal or storage sites as defined m the RFI/RI For purposes of the CMS/FS 
groundwater contammatlon is considered to be non IHSS specific Smce the source of surface 
water contaminants (seeps) is believed to be groundwater the seeps are bemg addressed as part 
of the groundwater remediation effort With unplementation of appropnate groundwater 
controls the seeps can be remediated Therefore separate surface water contarmnants and 
potential exposure pathways are not bemg considered as part of h s  techcal memorandum 

Results of the Phase 11 RFI/RI mvestlgation have mdicated that the contammation is 
confined to the UHSU Charactemation efforts conducted m support of the RFI/RI mdicate the 
presence of orgamcs and radionuclides in sufficient quantities to be deemed as COCs withm the 
UHSU of the 903 Pad Area the Mound Area and East Trenches Area Contammints detected 
include 1 1 dichloroethene carbon tetrachlonde (CCJ,) chloroform methylene chlonde PCE 
TCE vinyl chlonde amencium (Am) 241 and Pu 239+240 All of the COCs exceed then 
respective remediation target 
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Groundwater samplmg has shown several plumes of VOC contammaon in the Rocky 
Flats Alluvium and the No 1 Sandstone onglnatmg at the 903 Pad the Mound Area and the 
Northeast Trenches Area Once m the sandstone the contaminated groundwater flows from the 
903 Pad to the Mound Area and finally to the Northeast Trenches Areas As groundwater 
passes beneath each of these sources contaminant concentrations mcrease (DOE 1995b) 

The potential for the occurrence of dense nonaqueous phase liquids (DNAPLs) in 
groundwater appears to be greatest for CCl, PCE and TCE based on the observaoon of 
groundwater concentrations that exceed 1 percent of the chemical solubility Potential DNAPLs 
in groundwater could exist beneath the 903 Pad (CCI, PCE and TCE) m the vicuuty of Trench 
T 2 (PCE and TCE) north and northeast of the mound site (PCE) and northeast of Trench T 3 
and north of Trench T-4 m the Northeast Trenches (TCE) Dmct evidence of DNAPLs m 
groundwater was not observed dumg the Phase I1 RFI/RI programs (DOE 1993) 

Pu 239+240 was observed m filtered and unfiltered UHSU groundwater samples 
collected from wells east and southeast of the 903 Pad Radionuclide contammation could be 
associated with hgh  concentrations of VOCs observed m the UHSU m the 903 Pad Source Area 
(DOE 1995b) 

The extent of groundwater contammation was estunated usmg analytical results from the 
second quarter 1992 samplmg event For each of the seven orgamc COCs the RFI/RI report 
provides an isoconcentratlon map for both the alluvial/colluvial and the No 1 Sandstone umts 
In general the umt specific isoconcentration maps for each of the COCs are consistent with each 
other which may be an indicahon that their sources and transport mechamsms are sunilar 

To provide an overall estmauon of the contarmaant volume for groundwater the areas 
exceedmg the remediation targets for each individual COC were supemposed to establlsh a 
single plume map that encompassed all of the contammated areas Contammt data from both 
the alluvial/colluvial and No 1 Sandstone u ~ t s  were combmed III the event that the selected 
remedy is not able to isolate the contarmaants between the two umts The combmation of the 
two geologic umts also provides a larger es tmte of the contammt volumes 

After the combmed plume map was generated it was comblned with the alluvlal/colluvial 
saturated thickness map for the second quarter 1992 samplmg event The second quarter of 
1992 was chosen as the baselme for the volume es tmte  smce h s  tune penod represents the 
greatest known saturated th~ckness of the hydrogeologic umts Slncc the contaminant plume 
extends beyond the zone that is saturated year round some contammts may be trapped m the 
vadose zone as the groundwater recedes 

Based on the distnbuhon of groundwater contammation withrn the UHSU and the 
UHSU s maxunum saturated th~clcness the quantity of contammated groundwater was estmated 
in the Phase I1 RFI/RI report to be about 27 million gallons d u m  wet penods Thls estmate 
was calculated usmg an average total porosity of 0 361 The total porosity is based on data 
collected from the Rocky Flats Alluvium m OU4 (The paper by Fedors and Warner 1993 

I 
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contains Rocky Flats Alluvium porosity and hydraulic conductivity data from only one point 
#1 Qrf in OU2 The porosity at this location is 0 506 and is from a very fine gramed clayey 
Roclq Flats Alluvium "€us location is on the distal end of the OU2 pedrment and porosity 
values from th~s area are considered less representative of the 903 Pad area than OU4 data This 
paper does not address the Arapahoe Formatlon No 1 Sandstone ) 

No measured values of effective porosity of the Rocky Flats Alluvium are known The 
volume of contaminated groundwater present in the UHSU varies seasonally because of the 
fluctuatmg water levels The estunated volume of contaminated groundwater durmg a drier 
period (first quarter of 1992) is about 9 mlilion gallons 

2 3 Contarmnant Fate and Transport 

Contaminant migration pathways mcludmg mtermedia (transport between two separately 
defined media) and mtramedia (transport withm an mdividual medium) for source surface soil 
residual surface sod source subsurface soil residual subsurface sod and groundwater areas are 
presented below 

2 3 1 Source Areas for Surface Sod Contammation 

2 3 1 1  Intermedia Pathways 

The mtermedia pathway of surface soil contarmnant mgrauon from the 903 Lip Area is 
the transport of Pu 239+240 from the top 40 cm (16 mches) of soil withm IHSS 155 to deeper 
soils Transport mechamsms from surface soil to subsurface sods appear to be llrmted 

Colloid facilitated transport of radionuclides may be assocnted with ram or snowmelt 
Data for samples of diltratmg water strongly suggest a short residence tune of 2 to 4 hours for 
freely flowmg water m the soil system Th~s short residence tune mhlbits a contmuous 
interaction between the soil and the flowing water which helps explam the umfomty m 
alkaliruty specific conductance and pH across the study site and between sampling depths A 
soil water morutomg system (SWS) was mtalled to gather real tune data on freely flowmg 
soil interstitial waters water content matric potential soil temperature and precipitation 
Measurements of soil morsture matnc potential precipitatlon and volume of collected freely 
flowmg waters suggest that preferentlal flow might occur under both unsaturated and saturated 
conditions 

However dunng the summer of 1993 an evaluatlon of water and actmde movement was 
conducted by studymg natural and slmulated ram events The actimde actlvities m water 
samples from depths of 55 to 80 cm did not exceed 10 pCd1 even after a ram smulation of a 
100 year event This restnction m ac t ide  movement may occur due to a strong a f f i t y  
between orgaruc soil components and plutomum oxides Additional ram sunulations were run 
in the summer of 1994 to assess the potential for actmdes to be transported downhlll by runoff 
Three sequential rain smulations of 100 year floodmg events were conducted In these runs 
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most of the actmdes were relatlvely unmobde (Figure 2 8) However when the soil moisture 
regune was changed from mdic to aquatic sigmficant amounts of Pu 239+240 and Am 241 
were transported to groundwater in at least one Occurrence This supports the previous detecbon 
of Plutomum m groundwater from a well mtalled m the colluvium 

2 3 1 2  Intramedia Pathways 

Although several removal actions mcludmg the placement of clean fill have been 
conducted in the 903 Lip Area recent samplmg has confirmed the presence o f  Pu 239+240 m 
the clean fill Thrs movement of acmdes withm various surface soil homons as demonstrated 
by the mcrease of actmde actmity m the top 3 cm (1 2 inches) of  fill matenal cannot be 
explamed by previous wlnd dispersion 

Based on the site hrstory and other mformation burrowmg ammals ant colomes and 
especially earthworms (whlch have all been observed at OU2) are believed to be the upwardly 
mobile transport mechamsms for residual contammation that remamed m the Lip Area (Litaor 
et a1 1994) Earthworm achvity IS probably the pathway for vertical mgrahon of radionuclides 
withm the top 40 cm (15 7 mches) of the sods mvestigated (Litaor et a1 1994) Geological 
features of the site such as lateral discontmuities and macroporosity could also contnbue to 
the redistnbution of contarmnants 

The current dormnant mtramedia transport of surface soil Pu 239+240 contammation 
from the 903 Lip Area is biological achvity (e g earthworms) Rodents may also enhance 
transport flow Earthen mounds produced by ants may have mcreased wuad erosion of the soil 
surface and affected eolian transport of soil particles contamg Pu 239+240 (Wmor and 
Whlcker 1979) Transport mechamsms (wmd dispersion and precipitation runoff) potentially 
exist if the soils or the current vegetative cover are disturbed as was expenenced durmg the 
origmal cleanup efforts AW momtomg results conclude that after the pad was lnstalled m 
1969 levels of  wind dispersed contarmnatlon were sigmficantly reduced Subsequent alr 
momtomg dunng the excavation efforts m 1976 and 1978 did not mdicate dispersion of 
contarmnation via windblown pmculates Currently thrs wlnd dispersion transport mechanxsm 
does not appear to be sigmficant sue to the presence of a natural vegetatwe cover and the 
absence of  sigmficant sources of actmde particles exposed to the ground surface 

Rain slmulations conducted to evaluate surface transport mechanrsms found that actmdes 
did not migrate m runoff waters until the end of the second sequentd 100 year ram event Thls 
indicates that such migranon can only occur under the most extreme and unllkely conditions 

2 3 2 Residual Surface Sod Contammation 

The contammint fate and transport mechanrsms for residual surface sod contammation 
is the same as those descnbed under Source Area for Surface Soil Contammbon (Section 
2 3 1) 
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2 3 3 Source Areas for Subsurface Soil Contamlnation ! 
2 3 3 1  Intermedia Pathways 

The mtermedia pathway of subsurface soil contaminant mgration is the transport of 
Characterlzation of contaminants in the contaminants from subsurface soil to groundwater 

subsurface soil sources has not been completed 

VOCs semivolatile orgamc compounds (SVOCs) and/or radionuclides leaked released 
to subsurface sods at the 903 Pad Drum Storage Site the Mound Site and Trenches T 1 through 
T 13 as a result of past waste disposal practices VOCs and SVOCs previously mgrated 
downward through the vadose zone to the saturated zone 

In general COCs may have migrated lnto the subsurface zones as dissolved consntuents 
or as non aqueous phase liquids (NAPLS) Along with this mgration residual contammaon 
m the vadose zone and m the saturated zone llkely occurred 

Characternanon of contammation present m the subsurface soil source has not been 
However the presence of PCE above OU2 remediation target levels has been completed 

confirmed m the vicmty of Trench T 3 

PCE is essenbally unmlscible m water However PCE mgraoon could have occurred 
by several mechamsms The mgrabon could have occurred dmctly If a sufficient amount (pool) 
of PCE existed to overcome caprllary pressures by diffusion or by dissolutron m another more 
mobile NAPL If the latter case were the mam mechmsm for downward PCE mgration one 
would also expect sigmficant concentrations of the accompanymg NAPL 

PCE has the ability to partition to the vapor phase via volatdmuon and the liquid phase 
via dissolution Following migrabon mto the subsurface liquid phase PCE wrll redlstribute and 
come to rest either as disconnected ganglia and filaments (known as residual) or m the form of 
potentially mobile pools perched upon capillary bamers (Poulsen et al 1992) 

The ultlmate penetratlon depth of PCE followmg a ground surface release depends on the 
volume released and the distance to the water table Also important are the percentage of pore 
space occupied by the PCE and the mducible water saturation as well as the degree of lateral 
spreadmg ehbi ted by the migratmg PCE 

The spa- distnbubon of the PCE mgration paths depends on the beddmg structure of 
the porous medium with homontal beddmg promotmg lateral spreadmg The distnbution of 
water content the PCE fluid properties and the manner m whrch PCE was mtroduced m the 
subsurface also affect the spatial dutnbution of PCE migrabon paths (Poulsen et al 1992) 

As previously stated m Section 2 3 1 analysis of SWMS measurements of soil moisture 
mamc potential precipitabon and volume of collected freely flowlng waters suggests that 
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preferential flow occurs under both unsaturated and saturated conditions Thls preferenbal flow 
may have allowed the fluid transport of dissolved PCE from the subsurface soil medium to the 
groundwater dumg snowmelt and precipitation events 

2 3 3 2  Intramedia Pathways 

Past and present intramedia transport has been and is prmanly controlled by the flow 
of mterstitial waters through preferential pathways withm the subsurface soil source area as 
described in Section 2 3 1 These transport mechantsms (e g colloidal dissolution) are 
contamlnant specific 

2 3 4 Residual Subsurface Sod Contamlnafion 

The intermedia pathway of residual subsurface soil contarmnant rmgration from the 
Northeast trenches is the transport of contarmnants from subsurface sod to groundwater COCs 
in groundwater suggest that residual contarmnatlon m the vadose zone or saturated zone beneath 
the Northeast trenches may persist and act as a secondary source of contammation to 
groundwater Intermedia and mtramedia transport of PCE m the subsurface soil residual area 
will behave as descnbed in Secbon 2 3 3 above 

2 3 5 Upper Hydrostratqgraphc Umt Groundwater Contamination 

2 3 5 1  Intermeha Pathways 
I 

The p m a r y  lntemedia pathways affecting groundwater or affected by groundwater 
include the transport of contammints from surface soils to groundwater transport of 
contaminants from subsurface soils to groundwater and the discharge of groundwater at seep 
or surface water locations Transport of surface soil contammts i e Pu 239+240 was 
addressed in Section 2 3 1 Transport and fate of COCs m subsurface soils is descnbed in 
Section 2 3 3 Discharge of contammints at seep and surface water locabons occurs where 
groundwater exits the UHSU m response to hydraulic gradients or where the UHSU is truncated 
along the OU2 hllsides 

I 

NAPLs movement through subsurface soils may have been relamely rapid especially 
if the soils were dry and the quantity of NAPLs was large Fractures or macropores m the 
subsurface soils could have facilitated movement of NAPLs to groundwater The fluid mgration 
likely resulted 111 residual contammation m the vadose zone and possibly the underlying saturated 
zone Dissolved phase contarmnants not held m the vadose zone ultmtely reach the saturated 
zone where they mm with groundwater m the saturated groundwater system NAPLs have been 
observed m Trench T 3 (DOE 1995b) and are suspected m other OU2 contarmtlitnt disposal 
areas 

A NAPLs source m the subsurface soils can result 111 multiple midents of dissolved 
contamlnant releases to groundwater d u n g  percolation of precipitation and recharge to 
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groundwater Residual NAPLs m subsurface soils can act as a long term contamrnant source 
to groundwater and greatly mrease the tune penod of remediatlon 

I 

2 3 5 2  Intramedia Pathways I 
The pnmary lntramedia pathways mclude the transport of dissolved contaminants m 

groundwater present 111 both the Rocky Flats Alluvium and associated unconsolidated geologic 
matenals and the No 1 Sandstone and dissolved contammt transport between these water 
bemng strata Contarmnant sources withm the saturated UHSU mclude residual DNAPL 
globules and ganglia m the water beamg zone pore space and possibly DNAPLs pooled on low 
hydraulic-conductivity zones that serve as caplllary bamers withm the UHSU or 
stratigraphcaliy trapped on top of the Lower Hydrostratlgraphc Umt (LHSU) PCE or other 
chlomted solvents may also be dlssolved m light non aqueous phase liquid (LNAPL) pools that 
remam 111 the groundwater capillary h g e  Over tune these denser solvents may leach from 
the LNAPL pools mto the groundwater m the dissolved phase Such DNAPL and LNAPL 
sources provide a long term source of VOC contammints to groundwater 

Once ln groundwater Pu 239+240 may migrate as particulate and dissolved fracoons 
Pu 239+240 has been reported to sorb to pmculates mcludmg colloids PU 239+240 activity 
observed m groundwater as a percentage of total sample activity is distnbuted prmanly 111 the 
particulate (40 percent) and dlssolved (53 percent) fractlons Although colloids compnse about 
92 percent of the total partxle concentration m the groundwater only about 6 percent of the total 
plutomum actlvity 1s associated with colloidal pmcles wlule 94 percent is associated with 
particulates Pu 239 +240 thus appears to be very particle reactive and to also exhlbit sigmficant 
dissolved phase association ( H m s h  et a1 no date) 

Groundwater contammation m the saturated UHSU beneath the 903 Pad flows to the 
northeast along the medial paleoscour Contaminant flow also occurs to the south southeast 
towards Trench T 2  d m g  the spmg hgh water penod D u m  low water permis 
groundwater flow contmues to the northeast along the medial paleoscour but flow to the south 
southeast becomes mtemttent as water levels decrease The predormnant contammts present 
in plumes emanatmg from the 9033 Pad Area are VOCs VOC contarmnants are found m 
groundwater 111 saturated pomons of the Rocky Flats Alluvium and colluvium and have 
migrated Vertically to the underlymg No 1 Sandstone west of the 903 Pad and m the area of the 
Northeast Trenches Groundwater contammints from the 903 Pad may extend to the Southeast 
Trenches area at low concentrations Contammated groundwater from the UHSU discharges at 
seeps near Trench T 2 and along the north facing hllslope of South Walnut Creek 
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3 0 CORRECTIVE/REMEDIAL ACTION OBJECTIVES 

The C/RAOs consist of media specific goals for protecting human health and the 
environment Remediation may practice protectiveness though reducmg exposure such as 
capping an area or lmitmg access or by reducing contaminant level mobility or toxicity The 
C/RAOs were origmlly developed m Techcal Memorandum No 1 (DOE 1995a) In 
response to regulatory comment they have been revised as follows 

0 Remediate contarmnated surface and subsurface soils to non zero chemical 
specific ARARs or to be considered (TBC) values as appropnate 

e In the absence of ARARSITBCs remediate contammated surface and subsurface 
soils so that they are withrn an acceptable nsk range (excess cancer nsk greater 
than lo4 to lOa or a hazard mdex of greater than one for noncarcinogens) 
considermg the reasonable maxmum exposure scenano 

0 Remediate subsurface soils to levels whch will ensure protecaon of groundwater 
as prescribed by ARARs/TBCs identified for groundwater considetvlg site 
specific subsurface sorl/groundwater mteractions (Colorado State groundwater 
ARARS have been identified for OU2 based on the current groundwater use 
classification at the WETS If the use classification is changed m the future 
new ARARS will be identified based on the new classificatlon) 

0 Remedxate groundwater to non zero chemical specific ARARs/TBCs as 
appropnate 

0 In the absence of ARARs/TBCs remediate contammated groundwater that would 
result 111 acceptable risk based concentrations considemg the reasonable 
maxmum exposure scenario (total excess cancer nsk of greater than 104 to 10-6 
or a hazard index greater than one for noncarcmogens) 
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4 0 REMEDIAL TECHNOLOGIES AND PROCESS OPTIONS 

For the purpose of this techrucal memorandum the terms technology or technology 
type refer to general groupings of technologies potentially applicable to general response action 
(GRA) The term process option describes a specific process that is available for 
consideration within a particular technology type A representative process option (FWO) is 
a smgle process option that is representative of slmilar process options withm a given technology 
type The RPOs are selected as the basis for developmg and evaluatmg various remedial 
alternatives which elmmates the need to conduct a comparative evaluation of multiple slmilar 
alternatives 

I 
This section documents the identification and screemg of remedial technologies and 

process options for the purpose of identifying RPOs that can be applied to developmg remedial 
alternatives The identification and screemg of technologies and process options was performed 
accordmg to CERCLA guidance (EPA 1988) wluch included 

e Establishmg media specific GRAs for OU2 

e Identifymg potentially applicable remedial technologies and process options for 
each contammated medium 

e Screemng the identified remedial technologies and process opt~ons agamst specific 
cntena to ellmlnate technologies and process optlons that are not applicable to 
site specific condit~ons or may not achieve the C/RAOs for the particular media 
and 

e Selecting RPOs to develop remedial alternatives 

The GRAs that were estabhshed for OU2 are discussed m Sectlon 4 1 A discussion of 
procedures and resources used to identify potentially applicable remedial technologies and 
process options is presented m Section 4 2 The screerung procedure screerung cntena and 
results of screerung are presented in Section 4 3 Descnptions of the remedial technologies and 
process options that were retamed after the screemg process are provided m Appendices A 
(Surface and Subsurface soil) and B (Groundwater) The selection of the RPOs used to develop 
remedial alternatives is discussed in Secuon 4 4 

4 1 Identificabon of General Response Act~ons 

GRAs are strategies that descnbe general actions that will sat~sfy the C/RAOs established 
for OU2 Media specific GRAs were developed for each envlronmental medium exhlbitmg 
COCs at concentrations above the selected remediation target for OU2 The media for whrch 
GRAs were developed include surface sod subsurface soil (mcludmg IHSS specific source 
controls) and groundwater Identified GRAs may be mplementcd individually or m 
combmation with other GRAS to meet the C/RAOs The GRAs identified for contammated 
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media include no action institutional controls containment in sztu treatment removal and ex 
SZIU treatment A general descnption of each GRA is provided below 

e No Action Requlred by CERCLA as a benchmark for compmson agamst other 
remedial action alternatives Implies that no direct action will be taken to alter 
the existing situation other than short and long term momtoring of site 
conditions 

e Institutional Controls Refers to controls based on legal and/or management 
policies which minxmue public exposure to potential contammints Examples 
rnclude legally restnctmg land use by zonmg provisions or modification of deeds 
and site access controls such as fencing 

e Contalnment Consists of those actions which would m m e  or prevent 
migration of contaminants by wmd dispersion or stonn water erosion mechamsms 
for surface sod and by mfiitration and vadose zone transport mechamsms for 
subsurface soil and the saturated zone 

e In Sztu Treatment In general in situ treatment refers to treatment of 
contammnts m place In situ treatment actions would remove detoxify and/or 
lmmobdlze contammints usmg chemical thermal physical or biological 
technologies 

e Removal Includes remedial actions such as soil/waste excavation and 
groundwater extraction whch are used to remove and/or consolidate contammated 
media Also lncludes transportation and disposal of non hazardous hazardous 
radioactive and mixed wastes at pemtted facilities such as a landfills storage 
vaults mjection wells or underground repositones 

e Ex Situ Treatment Tlvs action is slmilar to in situ actlons with the exception that 
the contammated media are extracted or removed pnor to treatment Eir situ 
actlons separate or concentrate detoxify or unmobilm contaminants uslng 
chemical thermal physical or biological technologies 

4 2 Identificabon of Technologres and Process Options 

A comprehensive list of remediation technologies and process options was developed for 
the WETS as part of Task 3 of the CMS/FS (EG&G 1994) Resources consulted to compile 
the comprehensive list of technologies (CLT) (ES 1994) mcluded 

e EPA and DOE guidance documents 

a Techcal  publicabons journals and proceedmgs 
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e Computerrzed remediation and waste treatment databases including EPA s 
Vendor Information System for Innovative Treatment Technologies (VISITT) 
h s k  Reduction Environmental Laboratory (RREL) Treatability Database and 
Alternative Treatment Technology Information Center (ATTIC) and 

e Existing WETS documents includmg treatability studies and interim 
measures/interun remedial action (IM/IRA) reports 

Information provided m the CLT and additional EPA and DOE guidance documents was 
used to identify technologies and process options which are potentially applicable to remediate 
the contamination present m OU2 The specific COCs for each medium presented in Section 
2 1 were used as the basis for establishmg three media specific contammnt groups 

Surface soil contammated with radionuclides 

e Subsurface sods (mcludmg subsurface soil source areas) contammated with 
VOCs SVOCs metals and radionuclides and 

e UHSU groundwater contammated with radionuclides and VOCs 

The comprehensive technology list for each medium provided the mtlal startmg pomt for 
the screemng and evaluation of the remedial technologies and process optlons The lists of 
technologies are grouped under surface soils subsurface sods and groundwater and are 
presented later m this section 

4 3 Screenmg of Technolog~es and Process Options 

The list of technologies and process optlons for each medium was screened agamt 
established critena for unplementability effectiveness and cost The goal of the screemng 
process was to elunmate those technologies and/or process options that obviously could not be 
unplemented because of OU2 site specific factors thereby reducmg the number of remedial 
technologies and process options for consideration in the development of remedial alternatlves 

The screemng process was applied in two stages The first stage was an mtial 
technology screen based on techcal unplementability The second stage included an evaluation 
of effectiveness mtitutional unplementability and cost Process optlons were screened and 
evaluated under the assumption that they would be unplemented as the primary remedial 
treatment process Therefore several process options were not retamed after screerung because 
they were only applicable as a secondary treatment or a component of a potential remedial 
alternative The followmg subsections present the methods cntena and results of the screemng 
of technologies and process options a descnption of the remednl technologies and process 
options that passed the screemg cntena and a discussion regardmg the selection of 
representative process optlons retamed for the development and detailed analysis of remedial 
alternatives 
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4 3 1 Initial Technology Screen Technical Implementabdity 

The imtial technology screen is a fatal flaw analysis based saAy on technical 
unplementability Thls stage of screemng requlred the review of site charactemtics and specific 
information for each process option to identify any factor that would prevent the technology or 
process option from being mplemented at OU2 for a specified contammated envlronmental 
medium Some factors affectmg techcal lmplementability that were considered dumg the 
fatal flaw analysis were 

0 Charactenstic properties of contaminants 

e COC concentrations 

e Water table depth 

e Depth to bedrock 

e Horrzontal and vertical extent of contarmnaaon 

e Hydrogeologic characternation and 

0 Surface topography 

If any factor or combmabon of factors that would prevent a process opaon from bemg 
unplemented was idenafied that process option was ellrmnated from further consideration and 
the reason was documented The mtial technology screemng process elmmated subsequent 
development of more detailed mformation for those technologies and process options that were 
determined to be obviously madequate 

The results of the mtial technology screen for surface sods are presented m Figure 4 1 
Ths figure illustrates the relationslup between surface soil GRAs remedial technologies and 
process options Process option descnptions and screenmg comments are also presented 
Shaded entnes represent those technologies and process options that were elmmated d m g  the 
ntial technology screen 

Five surface sod technologies were removed from further consideraaon (Figure 4 1) 
based on the results of the tllltial technology screen Three contalnment technologies (surface 
controls groundwater controls and vertical bamers) one in situ technology (chemical/physical) 
and one ex situ technology (thermal) were removed because assoclated process options were not 
applicable to the thm honzon of surface sods and/or could not be j ~ ~ b f i e d  as a primary treatment 
process without lnclusion of other process options In addition numerous process options were 
removed from consideration from the retamed technologies for the reasons specified ln the 
screenmg comments column 
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I 
Results of the imtial technology screen for subsurface soils are presented in Figure 4 2 

Surface controls and groundwater controls were elunmated as containment technologies because 
associated process options are not appropnate as pnmary treatment options by themselves and 
do not warrant further consideration in the feasibility study (FS) Ex sztu biological treatment 
was eluninated as a technology type because associated process options are not practical for the 
volume of contammated material or appropriate for the treatment of radionuclides Thirteen 
other process options were elmmated for the reasons specified in the screerung comments 

I 
i 

Results of the imtial technology screen for groundwater are presented m Figure 4 3 
Storage of contammated groundwater was elmmated from further evaluation because thrs is not 
a long term solution In situ solidificatiodstabilmtion technologies were elmmated for the 
reasons identified m the screemng comments column It is assumed that any ex srtu groundwater 
treatment performed wxll be conducted at the existmg onsite water treatment plant Therefore 
all of the ex situ process options were elmmated except for the onsite water treatment plant 
Twelve other process options were elmmated for the reasons specified m the screemng 
comments 

I 

Descnptions of remedial technologies and process options for sods (surface and 
subsurface) and groundwater that passed the mtial techmcal unplementabllity screen are 
presented m Appendices A and B respectively 

4 3 2 Technology Evaluation 

The second stage of screerung mcluded an evaluation of effectiveness mtitutional 
unplementabtlity and relative cost The evaluauon of effectiveness was deemed to be the most 
mportant critenon m the technology evaluation stage Specific remednl technologies and 
process options were evaluated on thew effectweness relative to other technologies or process 
options withm the same technology type The evaluation of effectiveness was based pmnanly 
on 

0 The potentnl effectiveness of process options in handlmg the estlmated areas or 
volumes of media and meemg the prellrmnary remediaoon goals (PRGs) and 
other C/RAOs 

0 The potential unpacts to worker safety human health and the envlronment dumg 
the construction and unplementation phase and 

0 The degree to whch the processes are proven and reliable with respect to the 
contamxnants and conditions at the site 

The evaluation of mtitutional unplementabllity mcluded consideraoon of 

0 The ability to obtain the necessary pemts for onsite and offsite actions 
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e The availability of treatment storage and disposal services and 

e The availability of necessary equipment and slulled workers to unplement the 
technology 

Because of the llmited information on some of the mnovative technologies it was not 
always possible to evaluate these technologies at the same level of detail as the demonstrated and 
traditional remedial technologies and process options Typically mnovative remedial 
technologies were judged to be institutionally unplementable and were retamed for further 
evaluation either as a selected process option or as represented by another sunilar process 
option withm the correspondmg technology type Figure 4 4 presents the results of the 
technology evaluation for surface soil All of the process options for surface sod were retamed 
for further evaluation 

Figure 4 5 presents the results of the technology evaluation for subsurface sod In situ 
biological treatment is not expected to meet C/RAOs for the subsurface COCs but has been 
retamed as an applicable technology to treat non halogenated petroleum hydrocarbon m the 
source areas if necessary In situ pneumatic fractunng electrokmucs and electroacoustical 
soil decontammatlon were ellrmnated because they will not llkely be effective at OU2 Four ex 
situ process optlons were also ellrmnated because they are not effective for treatment of the 
COCs or are difficult to unplement 

Figure 4 6 presents the results of the technology evaluatlon for groundwater Sheet pilmg 
was elunmted from further evaluation because it wlll be very difficult to unplement at OU2 
The multi layer cap was also ellmlnated due to its hgh capital cost All of the remamg 
process optlons were retamed for further evaluanon 

4 4 Representatwe Process Opt~ons 

All remedial technologies and process options that met the cntena for the mtlal 
technology screen and technology evaluatlon are presented as unshadd entnes 111 Figures 4 4 
through 4 6 RPOs were selected from retamed process options for given technology types 
based on engmeermg judgement Innovatlve technologies were only selected as RPOs if the 
literature documented that they would provide better treatment fewer or lower adverse effects 
and/or lower costs than more established process optlons The ability of the mnovahve 
technology or process ophon to be unplemented wittlln a realistic tuneframe was also taken mto 
consideration 

The goal of the last scremmg step was to select one or two process options to represent 
each retamed technology type The selected WOs for OU2 surface sods subsurface soils and 
groundwaters are presented in Tables 4 1 through 4 3 respectively These tables also provide 
the GRAs and remedial technology types for each of the selected RPOs For surface soil 14 
RPOs were selected (see Table 4 1) For subsurface soil 21 RPOs were selected (see Table 
4 2) and 17 RPOs were selected for groundwater (see Table 4 3) Further evaluation of the 
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selected RPOs is presented in Semon 5 0 of this document 
analysis allowed for development and evaluation of distmct remedial alternatives 

Th~s additional process option 
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5 0 POTENTIAL REMEDIAL ALTERWATIVES 

This section develops the remedial alternatives for the five remediation areas This action 
is consistent with the IAG statement of work whch states The range of alternatives shall 
include at a m m u m  options to reduce the toxicity mobility or volume of wastes but which 
vary m the types of treatment the amount of wastes treated and the manner m whch long term 
residuals or untreated wastes are managed opQons mvolving containment with little or no 
treatment options mvolvmg both treatment and contalnment and a no action alternative 

The remedial alternatives mvolvmg treatment and/or contalnment were assembled usmg 
combmations of the RpOs presented m Section 4 4 of th~s document The RPOs and other 
suitable process options of the same technology types will be evaluated m depth durrng the 
detailed analysis of alternatwes (DAA) and presented 111 the CMS/FS report Because this 
section mcludes a reasonable range of alternatwes an mtial screemng of alternames pnor to 
the DAA will not be conducted All remedial alternauves wdl be evaluated m detail d m g  the 
DAA Descriptions of the remedial alternatives are presented m the followmg subsecuons 

5 1 OU2 Surface Soh Source Alternatwes 

Seven remedial alternatmes for the OU2 surface sod sources were developed These 
Alternative 

General descnptions of each 
alternatives are designed to address remediation of Pu 239+240 contaxnuwon 
concept diagrams are presented m Figures 5 1 through 5 3 
alternative are presented m the followmg sections 

Assumpbons and considerahons used durmg the assembly of alternatives for surface soil 
sources mclude 

e Disposal will be performed at an onsite or offsite treatment storage or disposal (TSD) 
facility such as Envuocare Inc or the Nevada Test Site (NTS) and 

e Au sampling and radiological momtomg will contme under existmg or modified 
programs to momtor for possible migration at concentrations above the remediation target 
level 

5 1 1  GRA NoFurtherAct~on 
Alternatwe 1 No Further Achon with Long Term Modtomg 

The no further action alternative consists of long term momtomg for the surface sod 
No additional remedial actmibes or mstitutional controls wdl be source (Figure 5 1) 

unplemented for &IS alternative 

The long term radiological momtomg of surface soil and avborne dust would be 
performed to evaluate ptenQal contarmnant migration at levels above the OU2 remebtion 
target level If momtomg detects migration of contaminants above the selected OU2 
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remediation target for plutomun a contmgency plan would be unplemented The plan would 
evaluate the risks associated with the contamination and potenhal strategies to address the 
migratmg contammints that pose a threat to human health or the envwonment The contmgency 
plan may mclude mplementation of one or any combmation of the other surface soil alternatives 
presented below Long term surface soil and air momtomg would be conducted until the COC 
concentrations m the surface sods are consistently measured below the established OU2 
remediation target 

This alternative does not meet C/RAOs It is mcluded only as a baseline for comparison 
with other alternatives 

5 1 2 GRA Institubonal Controls 
Alternative 2 Deed Restrictions and General Access Restrictions 

Alternative 2 mcludes deed restricnons site access restllctions and long term 
radiological momtormg of the surface soils and alrborne dust The deed resmctions would be 
mplemented to legally restnct use of the contammated areas withm the site Installation of 
fencmg around the contammated areas (Figure 5 1) and long term secunty of the site would be 
unplemented as necessary to lmit access 

Smilar to the no further action alternative the mtitutional controls altername includes 
long term air samplmg and radiological momtomg of surface soils to evaluate potential 
contammint migrabon at unacceptable levels A contmgency plan would be developed to 
address risks associated with contamlnant migration The contmgency plan may mclude 
implementation of one or any combination of the other surface soil alternames presented below 
Long term momtonng would be conducted until the plutomum concentranon is consistently 
measured below the selected remediation target 

5 1 3  GRA Contamment 
Alternatrve 3 Cap in Place 

Alternative 3 mcludes an engineered cover (cap) that would be placed over the areas with 
surface soil contamination above the selected remediation target (Figure 5 1) The cap and the 
site terrain would be graded and seeded Installation of fencing around the contammated areas 
(Figure 5 1) and long term secunty of the site would be unplemented to lmit access Deed 
restrictions secunty and fencmg would be mtalled as necessary to l m t  access to the site 
Long term radiological air momtomg of the site would also be performed A contmgency plan 
would be developed to address nsks associated with contaminant migranon 

The cap would be designed to decrease contamlnant mobllity by reducmg aw and surface 
water dispersion of surface sods and by reducing infiltratron of surface water Construction of 
the cap and site grading would dlrect surface water runoff away from the affected areas The 
cap would include an asphalt cover or an engmeered cap to reduce erosion from wmd and 
surface water 
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In addition to constructlon of a cap fencing around the site would be mtalled and site 
security would be unplemented to lunit access to the affected areas Long term an- momtomg 
of the site would be performed to momtor for potential contamlllitnt migration above the OU2 
remediation target level through alrborne dust 

' l b s  alternative would reduce contaminant mgration to av surface water and 
groundwater It would also reduce the potential for exposure to concentrations of plutomum 
greater than the selected remediation target 

5 1 4  GRA InSrtuTreatment 
Alternative 4 I .  Szfu Stabhzabon/Soh&fication 

Alternative 4 mcludes in situ stabdlzatiodsolidlatlon of surface soils It would reduce 
the mobility of the contaminants by reducmg the potential for these contarmnants to mgrate as 
dust become entramed with surface water runoff or ddtrate further mto subsurface sods 
(Figure 5 2) The Surface sods would be mlxed m place with stabdmtiodsolidificatlon agents 
to produce a treated matnx that is resistant to both physical and chemcal degradation If long 
term momtomg detected mgratmg contarmnatlon above the OU2 remediation target level a 
contrngency plan would be mplemented 

Stabillzatlon rnvolves mlxxmg the soil with a stabillzation agent whch chemically converts 
the contammant mto a less soluble andor less toxic form Solidificauon entads mlxmg the sod 
with a solidification agent that produces a leach resistant physically durable solid product The 
stabillzation and sohdificatlon processes usually result m a volume mcrease of the contammated 
matrm due to the addihon of treatment agents Treatment agents that could potentially be used 
for the source surface sod d u d e  

0 Cements (masonry Portland gypsum or polymenc) 

0 Lune/pozzalan mlxtures (lune/fly ash or lune/blast furnace slag) and 

Encapsulation bmders (bitumen thermoplastic polymers or catalyzed polymers) 

In situ stabilmtiodsolidificauon would be performed uslng a vanety of common types 
of mutmg equipment For surface soils backhoe mounted equipment such as mlxmg mjectors 
rippers disk harrows and plows can be used Dependmg on the site condit~ons durmg the 
remedial activibes as de temed  by momtonng dust suppression measures and/or dust 
collection equipment may be requved 

Followmg in sztu stabdlzation or solidification the treated areas may be graded covered 
with clean topsoil and seeded to provide a vegetative cover These measures would be 
lmplemented to reduce the ddtratlon of surface water lnto the treated areas mcrease 
evapotranspvation and reduce the potential for erosion and exposure to the treated soil 
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Long term radiological air momtormg would be required to ensure that airborne 
particulates from the site are not above acceptable contammant levels Fencing would be 
installed around the affected areas and site secunty would be unplemented to lunit potential 
contact with the treated soils 

The stabillzatiodsolidification would reduce the toxicity and/or mobility of the 
radioactive contammation The fencing and site security components of this alternative would 
reduce the potential for exposure to the treated soils 

5 1 5  GRA Removal 
Alternatwe 5 Excavahon and Dlsposal 

Alternative 5 would lnclude the removal of all contammated sufface soil that exceeds the 
selected remediation target for plutomum and subsequent onsite or offsite disposal (Figure 5 2) 
The excavated soil would be analyzed to determme the appropnate disposal requmments The 
disturbed areas would be backfilled with clean sod and reseeded to provide a vegetative cover 
Dunng and after the excavation activities surface sod samplmg would be performed to ensure 
that all of the contammation above the OU2 remediation target has been removed No long term 
radiological momtomg would be requued once it had been demonstrated that remediation target 
levels were acheved 

Excavation of surface soils would be performed uslng convenfional eartbmovlng 
equipment such as backhoes bulldozers and graders Dependmg on the site conditions d m g  
the remedial activiues dust suppression or dust collection measures will be requued 
Momtonng of airborne particulates dunng excavation would establish the requirements for dust 
control measures Followmg excavaoon the contammated soils would be contamellzed utillzmg 
drums crates and/or rolloff boxes and transported to the appropnate dlsposal facility by a 
conveyor system trucks and/or railcars 

The excavated soils would be disposed either onsite at the WETS or at an appropnate 
Analytical testmg of the excavated soils would be required to ensure offsite TSD facility 

compliance with disposal requuements 

Clean fill from either an onsite or an offsite borrow source would be used as backfidl for 
the excavations Seedmg of the affected areas may be performed to establish a vegetatwe cover 
The benefits of a vegetanve cover would be smilar to those descnbed m Sectron 5 1 4 

Removal of the contammated soils and disposal at a permitted facility would elunmate 
potential onsite exposure to plutomum above the selected remediation target 
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5 1 6  GRA EnSrtuTreatment 
Alternative 6 Excavation and Sod Washing 

Alternauve 6 encompasses the excavauon of contammated surface soils and 
transportation to an onsite facdity for treatment by sod washmg methods (Figure 5 3) After 
soil waslung the clean fraction of the treated soil would be used as backfill for the excavations 
The contaminated fraction would be transported to an onsite or offsite disposal facility After 
backfillmg of the excavations the affected areas may be seeded to establish a vegetative cover 
During and after the excavahon activities surface soil samplmg would be performed to ensure 
that all of the contammation above the selected remediation target has been removed No long 
term radiological momtormg would be requlred once it had demonstrated that remediation target 
levels were acheved 

Sod washmg is a treatment process m whch pmcle slzmg and separauon techques are 
used to separate relatively contammated sod fractions (typically the finer gramed fraction) from 
relatively clean coarser fracuons Excavated soils are fast wet scrubbed and sued to separate 
coarse sued soil frachons from fines The coarse sm sods are returned to the excavation and 
the finer soils are subjected to amtion scrubbing with surfactants chelatmg agents or other 
conditiorung agents to further concentrate the contarmnants Followmg treatment by soil 
washng the clean frachon of the sod as deterrmned by a radiological survey would be 
returned to the site for use as backfill m the excavations The contammated fraction and the 
treatment residuals (e g washmg soluhons) would either be treated further and/or disposed at 
an appropriate onsite or offsite disposal facility 

After backfilling of the excavations the affected areas would be seeded to provide a 
vegetative cover Addihonal clean fill may be requlred to replace the soil lost as fines dumg 
washmg activities The benefits of a vegetative cover would be s d a r  to those descnbed m 
Section 5 1 4 

Removal of the contammated soils from the site would elmmate potential exposure to 
plutomum contammated soil above the selected remediatlon target 

5 1 7  GRA Ex SrtuTreatment 
Alternative 7 Excavation, Ex Srtu Stabhation, and Return to Excavation 

Alternative 7 would mclude excavation of the contaminated surface soils and onsite 
stabiluation treatment (Figure 5 3) After treatment stabdlzed sods that meet radiological 
requirements would be used onsite as backfill for the excavatlons Sods not meeting the 
requlrements would be disposed at an appropnate TSD facility After backfillmg the excavations 
with the treated sods the affected areas may be seeded to allow for establishment of a vegetahve 
cover No long term radiological momtolrng would be required once it had been demonstrated 
that remediation target levels were acheved 
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The excavation activities for this alternative would be the same as those described in 
Section 5 1 5 (Alternative 5) Sampling and monitomg activities d u n g  the excavation would 
also be the same as those described for Alternative 5 Containermtion and transportation of the 
excavated soil to an onsite treatment facility would be required 

Treatment of the excavated soils would mvolve mming with a stabilmtion agent which 
would chemically convert the contammnt mto a less soluble and/or less toxic form Ths  
process would result in a volume increase of the contammated matrm Treatment agents that 
could potentially be used are presented in Secuon 5 1 4 Th~s alternative would require 
installation of a temporary or permanent onsite treatment facility capable of performrng 
stabilmtion When soils have been stabillzed they will be returned to the excavated area 
covered with topsoil and revegetated smllar to Alternative 6 

The stabilmtion would reduce the toxicity and/or mobility of the contarmnants conwed 
withm the soil m a m  The fixation of radionuclides m the soil matrlx would elunlnate potenual 
onsite exposure to plutomum contammated soil above the selected remediation target 
Institutional controls would be added as requmd 

5 2 OU2 Subsurface Sods Source Alternahves 

Eleven potential remedial alternatives for the OU2 subsurface soil sources were 
developed The alternatlves are illustrated 111 Figures 5 4 through 5 8 as concept flow diagrams 
These alternatives are further descnbed and evaluated m EE/CAs for subsurface soil sources 

Assumptions used dumg the assembly of remedial alternatives for subsurface soil sources 
include 

0 Pyrophonc uramum chips exlst m at least some of the butled drums rn Trench T 
1 

0 Some drums burred at the site may have leaked resultlng m the release of 
contaminants to the subsurface soils in the trench and 

0 Heavy metals orgamcs and radionuclides are assumed to be potentially present 
m addition to the nsk based COCs 

5 2 1  GRA NoFurtherAchon 
Alternative 1 No Further Action vnth Long Term MonitoMg 

The no further action alternative Eludes lntmsic remediatlon and long term momtonng 
No additlonal remedial activities or institutional for the subsurface soil source (Figure 5 4) 

controls would be mplemented for this alternative 
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The momtomg component of the no further action alternative would consist of pertodic 
soil sampling to momtor natural contammnt degradation and groundwater momtoring to 
evaluate potential contammint migration If momtonng detects migration of contammints above 
the OU2 remediation target a contingency plan would be mplemented to evaluate the risks 
associated with the contammation and develop potential strategies to address the migrating 
contaminants that pose a threat to human health or the environment The contmgency plan may 
include unplementation of one or any combmation of the other subsurface soil source alternatives 
as presented below The momtormg program would be conducted until the COC concentrations 
in the subsurface soils and groundwater are below the OU2 remediation target 

' h s  alternative does not meet C/RAOs It is mcluded only as a baselme for compmson 
with other altematwes 

5 2 2 GRA Institutional Controls 
Alternahve 2 Deed Restnct~ons and General Access Restmctions 

Alternative 2 includes deed restnctions general access resmctlons and long term 
momtonng o f  the subsurface soils and groundwater The deed restnctions would be 
mplemented to legally resmct use of the contammated areas withm the site No constructlon 
excavation or other mtrusive activities would be allowed reducmg potentlal exposure to the 
contammints Installation of fencmg around the contammated areas and long term secmty of 
the site would be unplemented to lrrmt access 

The long term momtormg would be smilar to that discnbed for the no further action 
alternative A contrngency plan would be developed and momtomg would contmue until the 
COC concentrations m the subsurface soils and groundwater are below the OU2 remediation 
target 

5 2 3  GRA Contamment 
Alternatrve 3 Cap in Place 
Alternative 3 includes ustallation of an engmeered cover (cap) over the areas where 

subsurface soil contammation exceeds selected remediatlon targets Gradmg of the cap and the 
site terram would be performed Deed restnctlons and general access resmcuons would be 
unplemented to lmit potentlal exposure to the contammated sods Long term momtonng of the 
subsurface soils and groundwater would also be performed for ths  altemtlve 

The cap would be designed and constructed to decrease contarmnant mobility by reducmg 
infiltration of surface water mto the contammated areas Gradmg of the cap and site terram 
would dlrect surface water runoff away from the affected areas The cap would E l u d e  a 
vegetative cover to reduce erosion from wmd and surface water and mreasc evapotranspvation 
The cap would not reduce migratlon of contammants through the groundwater exposure pathway 

The deed restnctions and general access resmctlons would be consistent with Alternative 
The long term momtomg would be srrmlar to that described for the no further action 2 

I 
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alternative A contingency plan would be developed and if necessary morutomg would 
continue the COC concentrations in the subsurface soils and groundwater are below the OU2 
remediation target Groundwater would be momtored to measure any contammant contribution 
from the subsurface soil source 

The capping and the mtitutional controls mplemented for this alternative would reduce 
potential exposures to the subsurface soil sources and mintmlze downward leachmg of 
contammants to groundwater 

5 2 4  GRA Contamment 
Alternatwe 4 Cap in Place and Install Vertical Bamer 

Alternative 4 mcludes mtallabon of an engmeered cover (cap) over the subsurface soil 
source areas and mstallanon of a vertical b m e r  around the contaminated areas (Figure 5 5) 
This alternative is the same as Alternative 3 with the addibon of a vertlcal bamer The vertical 
bamer could consist of a slurry wall or synthetic membrane wall The appropnate type of 
vemcal bamer for the site cond~uons wdl be de temed  m the DAA The vertlcal bamer 
whch would be tied mto the engmeered cover system and competent bedrock would reduce the 
mobllity of contammnts from the subsurface soil sources by reducmg the flow of groundwater 
through the area As with Alternative 3 gradmg of the cap and surface terrarn would reduce 
the mobility of the contaminants by reducmg infidtrabon of surface water mto the contammated 
areas The contalnment system would be designed to be passive with no sigruficant long term 
mamtenance requlrements No dewatemg or active groundwater collecnodtreatment system 
within the contammated areas would be mtalled 

5 2 5  GRA InSrtuTreatment 
Alternatwe 5 
Bioremedlation, and Cap 

Thermally Enhanced Sod Vapor Extraction (SVE), Enhanced 

Alternative 5 for the subsurface soil source (Figure 5 5) Eludes thermally enhanced soil 
vapor extraction (TSVE) to treat the VOCs and bioremediation for treatment of SVOCs An 
engmeered cover would be mtalled to reduce diltration of surface water and contarn the other 
contaminants (radionuclide and metals) remamg m the subsurface sods Smdar to Altemauve 
3 th~s alternative includes deed and access resmctions and long term momtonng of subsurface 
soils and groundwater 

The TSVE system utdlzes heat and vacuum pressure to volatrlrze and remove orgamc 
contammints Offgas from the TSVE would be treated usmg granular activated carbon or an 
equivalent treatment system to remove volatilned orgamcs The sorbed collection media would 
requlre treatment recycle or disposal Potential offgas treatment alternabves wdl be evaluated 
in the DAA 

Enhanced bioremediation would be mplemented to degrade SVOCs m the subsurface 
soil Tlus will mvolve supplymg oxygen moisture and/or nutnents te the contammated soils 
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to increase the naturally occumng degradation of contamlnants As with Alternative 3 the cap 
would reduce potentlal contarmnant mobility exposures and idiltratlon of surface water and 
prevent human and envuonmental contact with source media 

The deed resmcbons and general access restrictions would be consistent with Alternative 
2 The long term momtormg would be smilar the no further action alternative A contmgency 
plan would be developed and momtomg would contmue until the COC concentrations m the 
subsurface soils and groundwater are below the OU2 remediation target Groundwater 
momtonng would be performed to measure any contarmnant contnbution from the subsurface 
soil source 

The TSVE and the enhanced bioremediaQon mcluded m ths alternatwe would 
sigmficantly reduce the concentratlons of VOCs and SVOCs m the subsurface sod source The 
cappmg and the mstitutional controls mplemented for tlus alternatlve would reduce potential 
exposures to the subsurface sod sources 

5 2 6  GRA InSmTreatment 
Alternative 6 TSVE, Enhanced Bioremediation, In Srtu Stabilizatron, and Cap 

Alternative 6 mcludes all of the technologies presented m Alternatwe 5 mcludmg TSVE 
enhanced bioremediation and cappmg with the addition of in situ stabdmtlon of the subsurface 
soils Cap and site gradmg would be performed and deed and general access restnctions would 
be mplemented As with Alternative 5 long term momtomg of the subsurface soils and 
groundwater would be performed 

In sztu stabilnabon would be used to reduce the toxicity and mobdity of the metal and 
radionuclide contamlnants by producmg a treated medium that is resistant to both physical and 
chemical degradation as descnbed m Section 5 1 4 Stabilnatton would be performed after the 
completion of TSVE and enhanced bioremedlatlon Following the stabfirnoon of the subgrade 
soils the affected areas would be capped with an engmeered cover as descnbed m Section 
5 2 4  

Implementation of tlus altematlve would result m a sigmficant reductlon of potential 
exposure to contammints above selected remediation targets The m SZRC treatment of the 
contamlnants would result m a reductlon III the toxicity and rnobllity of the COCs Cappmg 
would reduce the potenhal for exposure to the remamng contammts and would rrrmtmlze 
infiltration 

5 2 7 GRA In Srtu Treatment 
Alternatwe 7 Free Liqud Removal, In Szfu Stabhzabon, and Cap 

Alternative 7 for the subsurface soil source (Figure 5 6) mcludes ftee liquid removal in 
sztu stabillzation and cappmg of the affected areas Also lncluded with &IS alternative are deed 
and general access restrictions and long term momtomg 
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Free liquid removal would be accomplished by mstallatlon of temporary extraction wells 
and/or piping into the subsurface soils Conventional pumping techmques would be used to 
remove any free liquids from the subsurface soils The removed liquids would be subject to 
analytical testing to evaluate concentrations If liquids removed from the subsurface soils meet 
the waste acceptance critena (WAC) they would be transported to an onsite disposal facility or 
offsite to an appropriate TSD facility for treatment and/or disposal 

Followrng free liquid removal stabillzation and cappmg would be unplemented as 
presented for Alternative 6 As with the no further action alternative long term momtormg of 
the subsurface soils and groundwater would be performed 

The free liquid removal and the stabilmbon would sigmficantly reduce the mobility and 
toxicity of contamlnants m the subsurface soils The cappmg would reduce the mobility of 
contammnts and would also reduce the potential of exposure to the subsurface sods The deed 
and general access resmctlons would reduce the potential for exposure to the subsurface soils 

5 2 8 GRA In Sifu Treatment 
Alternatme 8 In Srtu Vitrification (wth Pretreatment as Necessary) 

Alternative 8 for the subsurface soil source (Figure 5 7) rncludes zn situ vitnfication with 
pretreatment as necessary Also mcluded m this alternative are the lnstitutional controls 
includmg deed and general access restnctions and the long term momtonng descnbed for 
Alternatwe 2 

In sztu vitnfication utillzes heat generated between electrodes installed m the subsurface 
soils to melt the contammated mam h m g  the vitnfication process the morgmc wastes are 
transformed into a molten vitreous mass that when cooled forms a glass lrke matrlx that is 
leach resistant and that does not need secondary contament Offgas collectlon and treatment 
would be requlred to treat contamlnants volatillzed d m g  the vitnficauon process Offgas 
collection and treatment systems will be evaluated m the DAA 

The in sztu vitrificatlon process would result in reductions of toxicity and mobility of the 
contaminants The deed and general access resmctions would reduce the potential for exposure 
to the subsurface soils 

5 2 9  GRA Removal 
Alternatxve 9 Excavation and Disposal 

Alternative 9 for the subsurface soil source mcludes removal and disposal of the 
subsurface soil sources The removed matenals would be analyzed to d e t e r n e  the appropnate 
disposal requuements The disturbed areas would be backfilled with clean soil and reseeded to 
provide a vegetauve cover Dumg and after the removal actwitles sod samplmg would be 
performed to ensure that all of the contammation with concentraQons above selected remedlation 
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targets had been removed Long term momtomg may not be requrred once it was demonstrated 
that remediation target levels have been acheved 

After removal the excavated wastes would be separated contamenzed and characterzed 
for transport and disposal The waste would be evaluated to determme disposal requuements 
Depending on the contammation of the soil remamng 111 place after excavation further remedial 
activities may or may not be requrred If requued remamg contammation would be controlled 
using technologies descnbed 111 Alternatives 2 through 8 or 10 and 11 

Clean fill from either onsite or an offsite borrow source would be used as backfill for the 
excavations Seedmg of the affected areas would be performed to allow for establsbment of a 
vegetative cover 

Removal of the subsurface soil sources would sigmficantly reduce potential exposures to 
Backfillmg of the excavations would contaminants that exceed selected remediation targets 

reduce the potential for exposure to the remallllng subsurface soil contammts 

5 2 10 GRA ExSrtuTreatment 
Alternative 10 Excavation, Orgaxucs Removal, and Soil Washrng 

Alternative 10 is slrmlar to Alternauve 9 except that excavated soils would be treated 
aboveground usmg orgmcs removal and soil washmg technologies (Figure 5 8) Dmng and 
after the removal activitlcs soil samplmg would be performed to ensure that all of the 
contammation with concentrations above selected remediauon targets was removed Long term 
momtomg may not be requmd once it IS demonstrated that remediatlon target levels have been 
acheved 

After excavation and separauon drums and thelr contents wlll be repackaged as r e q m d  
and the soil will be treated Excavated soil will be treated imtlally usmg orgmcs removal 
technologies After the soils are treated for orgmcs they wdl be treated usmg soil washmg 
technologies as discussed m Section 5 1 6 Clean matenal and soil fracaons resultmg from soil 
washmg will be returned to the site graded and revegetated All wastes that are not suitable 
to be returned to the site wdl be analyt~cally charactenzed to detemme the appropnate disposal 
requlrements and wdl be managed accordmgly 

Removal of the subsurface soil sources would sigmficantly reduce potential exposures to 
Backfillmg of the excavations would contammants that exceed selected remedlation targets 

reduce the potentml for exposure to the remalntng subsurface soil contarmnants 

5 2 11 GRA Ex Szfu Treatment 
Alternative 11 Excavabon, Ex Sztu Stabhtion, and Return to Excavabon 

Alternative 11 is slrmlar to Alternauve 10 except that excavated sods would be treated 
Dumg and after the removal aboveground usmg stablllzation technologies (Figure 5 8) 
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activities soil sampling would be performed to ensure that all contarmnation above selected 
remediation target levels was removed Long term momtonng may not be required once it is 
demonstrated that remediation target levels have been achieved 

After excavation and separation drums and then contents would be repackaged as 
requlred and the soils would be treated Stabillzation would be used to reduce the mobility of 
the contaminants m the excavated subsurface soils by producmg a treated medium that is 
resistant to both physical and chemical degradation as descnbed m Section 5 1 4 The stabillzed 
waste form will be analyzed for VOCs SVOCs toxicity charactensoc leachmg procedure 
(TCLP) and a radiological survey will be performed If the wastes meet analytical requirements 
they will be returned to the excavation graded and revegetated Any wastes that do not meet 
the analytical requlrements wdl be re stabillzed untd the requvements are met or they will be 
disposed at an appropnate onsite or offsite TSD facility Drummed wastes will be evaluated 
and disposed at the appropnate TSD facdity 

Removal of the subsurface sod sources would sigmficantly reduce potentla1 exposures to 
Backf'idlmg of the excavaoons would contammints that exceed selected remediahon targets 

reduce the potenoal for exposure to the remamng subsurface sod contarmnants 

5 3 OU2 Surface Sods Residual Alternatives 

Seven remedial alternatives for the OU2 residual surface sod remcdlabon area were 
developed to address Pu 239+240 contammation These alternatwes are dlustrated 111 concept 
flow diagrams rn Figures 5 9 through 5 1 1  The same assumptions and considerations presented 
under source area surface sods (Secoon 5 1) apply to this remediahon area 

5 3 1  GRA NoFurtherAction 
Alternahve 1 No Further A&on mth Long Term Momtoring 

Alternative 1 conslsts of long term momtomg for the surface sod residual (Figure 5 9) 
No additional remedial activihes or institutional controls would be mplemented for h s  
alternative The long term momtormg of surface sod and alrborne dust would be consistent with 
Alternative 1 for the surface sod source as presented m Section 5 1 1 Th~s alternative does not 
meet C/RAOs and is rncluded only as a baselme for compmson with other alternatives 

5 3 2 GRA Instituhonal Controls 
Alternative 2 Deed Restnct~ons and General Access Restr~ctions 

Alternative 2 mludes deed restnctions site access restr~chons and long term 
radiological momtomg of surface soils and alrborne dust (Figure 5 9) The components of thls 
alternative are consistent with those presented for Alternatwe 2 for the surface soil source 
(Sectlon 5 1 2) 
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5 3 3  GRA Contamment 
Alternative 3 Vegetatme Cover 

Alternative 3 mvolves placmg a vegetative cover over surface soil contammation (Figure 
5 9) This alternative also mcludes deed restrictions site access restnctions and long term 
radiological momtonng of surface soils and axborne dust as descnbed 111 Section 5 1 2 

The vegetative cover would mclude a 6 mch thck layer of orgamc soil capable of 
sustaimng vegetation The area would be seeded with plants and grasses native to the area to 
augment the native vegetative cover currently established 

Implementation of h s  alternative would reduce potenbal exposure to plutonnun 
contammation above the selected remediation target Th~s altemabve also reduces mgration of 
surface soils 111 storm water runoff and as axborne dust 

5 3 4  GRA Contamment 
Alternatwe 4 Cap m Place 

Alternative 4 includes an engmeered cover that would be placed over surface soil 
contammoon areas (Figure 5 10) As with Alternative 3 for surface sod source areas (Section 
5 1 3) gradmg of the cap and the site terram would be performed and secunty and fencmg 
would be mplemented to lunit access to the site Long term a u  momtonng of the site would 
be performed 

This alternative would reduce contammant mgrabon via au surface water and 
groundwater It would also reduce the potential for exposure to plutomum contammation that 
exceeds the selected remediatron target 

5 3 5  GRA InSztuTreatment 
Alternative 5 In Sztu StabhatiodSohdificatiou 

Alternative 5 includes m situ stabillzaoodsolidification of surface soil residuals (Figure 
5 10) Deed and general access resmctions and long term an  momtonng would be 
mplemented This alternative is consistent with that for surface sod sources as descnbed m 
Section 5 1 4 

The stabilnationlsolidificatron would reduce the toxicity and/or mobility of the plutomum 
contamination m soil l h s  alternative would reduce the potential for exposure to the treated 
soils 
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5 3 6  GRA Removal 
Alternative 6 Excavation and Duposal 

Alternative 6 includes excavatmg plutomum-contarmnated surface soils that exceed the 
selected remediation target and disposal at an approved onsite or offsite TSD facility (Figure 
5 10) The excavated areas would be regraded and seeded to provide a vegetative cover No 
long term radiological momtormg would be required because the contaminated soils would be 
removed from the site The components of th~s alternative are consistent with those descnbed 
in Section 5 1 5 for the surface soil sources Removal of the contaminated soils and disposal 
at a permitted facility would elunmate potential exposure to plutomumcontaminated soil that 
exceeds the selected remediation target 

5 3 7  GRA ExSrtuTreatment 
Alternative 7 Excavation and Sod Washmg 

Alternative 7 mcludes excavatmg plutomum contammated surface soils that exceed the 
selected remediation target and treatmg the contammted soil usmg soil washmg technologies 
(Figure 5 11) Following the treatment by soil washmg the clean fraction of the soil would be 
returned to the site as backfill for the excavahons No long term radiological momtormg would 
be requued because the contammated sods would be removed from the site and treated The 
contammted fraction and the treatment residuals would either be treated further and/or disposed 
at an appropnate onsite or offsite disposal facility The components of thrs alternative are 
consistent with those descnbed m Section 5 1 6 for the surface sod sources Excavation and soil 
washmg would ellmmte potemal exposure to plutomum contammated sod that exceeds the 
selected remediation target 

5 4 OU2 Subsurface Soils Reslduals Alternatives 

Two alternatives for subsurface soils residuals will be evaluated m the DAA They 
include the no further actlon and the SVE alternatives The no further action alternatives will 
be retained for comparison purposes only (Figure 5 12) Selection of SVE is based on the EPA 
guidance document Presumptive Remedies Site Charactentanon and Technology Selection for 
CERCLA Sites with Volatlle Organic Compounds in Soils (EPA 1993b) 

The objective of the presumptive remedies mtiative is to use the Superfund program s 
past expenence to streamllne site investigations and expedite selection of cleanup actions 
Presumptive remedies are preferred technologies for common categones of sites based on 
historical patterns of remedy selection and EPA s scienbfic and englneertng evaluation of 
performance data on technology unplementation Over tune presumptwe remedies are expected 
to ensure consistency m remedy selechon and reduce the cost and tune requrred to clean up 
similar types of sites In addition presumptive remedies are expected to be used at all 
appropriate sites except under unusual site specific circumstances SVE thermal desorption and 
incineration are the presumptwe remedies for Superfund sites with VOC-contammated soil 
assuming the site charactenstics meet certain cntena 
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In general the presumptive remedy alternative for subsurface sods residuals at OU2 
would utillze SVE (ambient or thermally enhanced) to reduce VOC concentrations in subsurface 
soils Soil vapor extraction wells installed in the contaminated areas would volatillze and 
remove the COCs The extracnon system may be thennally enhanced to l~lcrease the efficiency 
of the volatilmtion and removal system Ths alternative is consistent with that for the 
subsurface soil source as descnbed in Secuon 5 2 5 although no bioremediauon or stabilnation 
would be performed for the subsurface soil residual This alternative would include long term 
momtonng of the subsurface soils and groundwater The in situ SVE would reduce the toxicity 
of contammated soil and reduce the potential for exposure to PCE-contaminatd soils that exceed 
the selected remediation target 

The Feasibility Study Anaiysis for CERCLA Sites with Volatile Organic Compounds in 
Soil (EPA 1994) provides the basis for lunitmg the analysis of technologies and alternatives 
when applymg the presumptive remedy approach Informatlon from the feasibllity study 
performed by the EPA will be utillzed m the DAA m developmg recommendations for the 
remedial action plan 

5 5 Remediation Alternatms for OU2 Groundwater 

Five alternatives are proposed to remediate contammated UHSU groundwater beneath 
OU2 A desciption of each alternative is presented m Table 1 1 The alternatives mclude 

e No further action 

e Institutional controls 

e Contarnment with or without treatment of dramage 

e In situ treatment and 

e Extraction and ex situ treatment alternatives 

Concept diagrams of the candidate alternatives are provided in Figures 5 13 through 5 14 
Proposed Implementation of the alternatives is shown on Figures 5 15 through 5 17 
Descnptions of onsite water treatment facilities and pertinent treatabdity testmg programs are 
presented in Techmcal Memorandum No 1 for OU2 

Assumptions and considerations used to develop the groundwater remedlatlon alternatives 
include 

e Surface and subsurface soil sources have been removed and/or remediated 
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0 Groundwater withm the UHSU can be remediated using individual alternatives or 
a combmation of containment collection and in situ or ex situ treatment 
alternatives 

0 Existing WETS onsite water treatment facilities have sufficient capacity or if 
necessary can be upgraded to process groundwater from OU2 

0 Existmg WETS onsite water treatment facilities are designed or can be 
upgraded to treat all of the OU2 COCs to acceptable concentranons and 

0 The acknowledged lmtations of remediatmg DNAPL contaminated groundwater 
to selected remedianon targets are recogwed and alternative remedial strategies 
may apply 

Potential difficulties and lmtat~ons mherent in remedntmg DNAPL contammated 
groundwater to federal and state cleanup levels are acknowledged and dlscussed in EPA s 
Guidance For Evaluating the Technical Impracticability of Ground Water Restoration (EPA 

1993a) and Alternatives For Groundwater Cleanup (National Research Council 1994) EPA 
(1993a) presents guidance for assessmg the techmcal unpracticability of groundwater remediation 
for certain site and contamrnant conditions and provides guidance for tmplementing remediation 
at these sites Recogmzed conditions that may lunit the practrcability of groundwater 
remediation mclude complex stratrgraphy low hydraulic conducnvity presence of fractures and 
the Occurrence of DNAPLs Although techcal unpracticability evaluations are typically 
conducted after a ROD or after remediation has been unplemented precedence exists for 
conductmg techmcal unpracticabllity evaluations dumg the CMS/FS Evaluatlon of the 
techcal rmpracticability for groundwater remediation at OU2 wdl be conducted as part of the 
DAA 

The natural shape of the medial paleoscour and the geometry of the UHSU and 
surrounding low hydraulic conductivity bedrock lithologies provide a convement mechamsm for 
hydraulic control and/or collectron of UHSU groundwater at OU2 Extrachon wells can be 
positioned in areas where the hydraulic conductivity and saturated thickness of the UHSU are 
optrmal to maxmlze groundwater producnon and areal drawdown Collecnon trenches can be 
situated in areas where the medial paleoscour m o w s  to max11111ze groundwater collection with 
the m w u m  amount of trench length 

The two p m a q  geologic umts of the UHSU that have the greatest areal distnbution and 
exhibit the greatest saturated th~ckness at OU2 are the Rocky Flats Alluvium and the No 1 
Sandstone These umts appear to contam most of the groundwater at OU2 Because of the 
unportance of these un~ts m the conceptuallzatlon and design of any remedial alternative 
requiring groundwater extracnon mjection or control discussions of thelr relevant geologic and 
hydraulic charactenstics are described below 
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Rocky Flats Allunum The Rocky Flats Alluvium is the most widely distributed saturated 
unconsolidated geologic umt underlying OU2 As illustrated in Figure 5 18 the thickest 
occurrence of the Rocky Flats Alluvium is found in the medial paleoscour where the saturated 
thickness is also greatest Groundwater flow in the alluvium in the medial paleoscour IS 
generally to the east northeast at a gradient of 0 020 ft/ft as measured dunng March and May 
1992 Because the Rocky Flats Alluvium is erosionally truncated to the north east and south 
withm OU2 all alluvial groundwater is discharged to surface and subsurface seeps along the 
bounding hdlslopes of the South Walnut Creek and Woman Creek dramage basins except for 
alluvial groundwater that recharges the underlying consolidated bedrock umts 

I The homontal hydraulic conductivity values of the Rocky Flats Alluvium range between 
5 x lo2 and 4 x 10’ centmeters per second (cds)  and has a geomemc mean of 6 x lo4 c d s  
Laboratory vemcal hydraulic conductlvity values range between 1 3 x 10 ’ and 1 2 x 10 * c d s  
These figures are from the Prelunlnary Draft OU2 Phase II RFI/RI Report Because the 
hydraulic conductivity of the Rocky Flats Alluvium is moderately low passive groundwater 
collection and extraction methods are most appropriate for thls untt The calculated average 
groundwater flow velocity 1s about 120 feet per year assummg a hydraulic conductivity of 6 x 
lo4 c d s  an average hydraulic gradient of 0 020 Wft and an assumed effective porosity of 10 
percent No measured values of effective porosity of the Rocky Flats Alluvium are known 

Arapahoe Formation No 1 Sandstone The No 1 Sandstone is a fluvial sandstone channel 
deposit bounded by the sumundmg bedrock strata that typically conslst of claystone or slltstone 
or by the north facmg hdlslopes of the South Walnut Creek dramage The No 1 Sandstone 
dlrectly subcrops beneath the Rocky Flats Alluvium in some areas and IS separated from the 
alluvium by bedrock claystone m other areas Because the No 1 Sandstone is erosionally 
truncated along the north east and south by the South Walnut Creek and Woman Creek 
drainages no dmct groundwater pathway exists withm the sandstone from OU2 to offsite 
locations Almost all sandstone groundwater at RFETS discharges to seeps at the surface 

The No 1 Sandstone was deposited m channel incised bedrock claystone of the Laramie 
Formation Groundwater flow in the sandstone is controlled by the geometry of the sandstone 
umt and its mteraction with the overlymg saturated alluvium and the South Walnut Creek and 
Woman Creek dramages Groundwater flow m the No 1 Sandstone is toward the northeast and 
locally southeast near the Northeast Trenches The hydraulic gradient ranges between 0 028 Wft 
and 0 1 ft/ft Measured vertical hydraulic gradients between the Rocky Flats Alluvium and No 
1 Sandstone range between 0 003 ft/ft and 0 019 Wft generally suggestmg that the umts are 
hydraulically connected 

The No 1 Sandstone e a b i t s  moderately low homontal hydraulic conductivity with 
measured values rangmg between 3 x 10’ and 2 x lo4 cm/s and a geomemc mean of 7 x lo4 
c d s  Vertical hydraulic conductivity values range between 1 1 x lo4 and 3 1 x lo9 c d s  
These figures are from the Prelunlnary Draft OU2 Phase I1 RFYRI Report The wide range of 
vertical hydraulic conductlvity values suggests that honzontal layenng may be an mportant 
hydraulic control m the No 1 Sandstone As with the Rocky Flats Alluvium passive 
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groundwater collectlon and extractlon methods are most applicable to this formation However 
in areas where the No 1 Sandstone exhibits greater hydraulic conductivities and large saturated 
thicknesses groundwater may be extracted usmg pumping wells Calculated groundwater flow 
velocity values for the No 1 Sandstone range between 200 and 730 feet per year These 
velocities were calculated usmg a hydraulic conductlvity of 7 x 104 cm/s hydraulic gradients 
ranging between 0 028 Wft and 0 1 Wft and an assumed effective porosity of 10 percent 

5 5 1 GRA No Further Action 

I 

I 

Alternative 1 Intrlnslc Remechahon 

The no further action alternatlve (Figure 5 13) provides a baseline for companson agamt 
other alternatives Long term groundwater momtonng will be conducted as part of this 
alternative and an evaluation of natural contarmnant degradation ( m t ~ ~ i c  remediatlon) and 
contaminant mgration wdl be assessed Intrmic remediatlon is the action of natural processes 
such as dilution volatdlzatlon biodegradatlon adsorption and chemical reactions to reduce 
contamlnant concentratlons to acceptable levels Consideratlon of mtmsic remediation requms 
momtonng and predictlve modelmg of contamlnant mgratlon and degradation rates to determme 
the feasibdity of meetmg C M O S  

Long term momtonng will be conducted untll groundwater no longer poses a threat to 
human health or the envuonment If mtnnsic remediation is not effective and contamrnant 
mgration occurs a contmgency plan wlll be mplemented to evaluate the associated nsks and 
to develop strategies to address contamlnant mgration that poses a threat to human health or the 
environment The contmgency plan may mclude mplememtlon of one or any combinatlcm of 
Alternatives 2 through 5 

Alternative 1 provides no control of exposure to contammated groundwater However 
risk reduction may be acheved through m t ~ ~ i c  remediation 

5 5 2 GRA Institubonal Controls 
Alternative 2 Deed Restr~ct~ons and Access Restr~ct~ons 

Alternative 2 institutional controls lncludes llrmtmg use of contammated groundwater 
through property deed restllctions and mmmzmg access to contammated groundwater and 
groundwater discharge areas (seeps) by the mtallatlon of secmty fences (Figure 5 13) In 
addition deed restnctions for groundwater wells may be requested to prohbit water well 
installation m the area of contammated groundwater as long as groundwater contammation poses 
a threat to human health or the envuonment Long term momtotvlg and an mtmsic remediatlon 
evaluation also IS mcluded m thls alternatlve 

Long term momtonng will be conducted untd groundwater no longer poses a threat to 
human health or the environment If intnnsic remediatlon is not effective and contarmnant 
migration occurs a contmgency plan will be unplemented to evaluate the associated mks and 
to develop strategies to address contarmnant migration that poses a threat to human health or the 
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Hor~zontal barriers or other ground surface treatments may be considered to enhance 
surface water runoff max- evapotranspiration and mmtmlze lnfiltratlon and percolation of 
water through subsurface soils Low mamtenance strategies such as natural vegetative covers 
are preferable However other homontal b m e r  designs will be considered Use of homontal 
barriers or natural surface treatments (caps) may succeed m drymg the UHSU so that VOC 
constituents might be treated usmg conventional soil vapor extractlon technologies The need 
and placement of horlzontal bamers will be assessed usmg predictive models dumg the DAA 
and will be evaluated m conjunctlon with cappmg alternatives proposed for surface and 
subsurface soil remediation areas 

5 5 4  GRA InSrtuTreatment 
Alternative 4 In Srtu Treatment mth or w thout C o n w e n t  

Alternative 4 (Figure 5 14) consists of zn sztu treatment usmg alr spargmg/soil vapor 
extraction (ASEVE) enhanced bioremediatlon or passive treatment wall technologies Tlvs 
alternative may mclude areal or local contamment if necessary to enhance in situ treatment 
Although numerous zn situ treatment technologies are avadable these proposed technologies 
were selected because of thelr demonstrated effectiveness and unplementability 

In sztu au spargmg mvolves mjectmg au mto the saturated zone to remove dissolved and 
residual VOCs An spargmg is coupled with SVE so that VOCs released to the vadose zone 
from the saturated zone are captured removed and treated Both halogenated and non 
halogenated VOCs may be treated umg thts process Offgas treatment may be requved to meet 
applicable au quality standards 

In sztu bioremediation is a process where organxc contammts are completely or partially 
metabollzed by microorgasms present in groundwater These orgmsms convert natural and 
xenobiotic orgamc compounds mto water carbon dioxide and energy In situ bioremediation 
of VOCs can occur under both aerobic and anaerobic envuonments dependmg on the part~cular 
constituent However most chlomted solvents are only biodegraded under anaerobic 
conditions through co metabolism usmg secondary carbon substrates Conditions that support 
co metabolic degradation of chlomted hydrocarbons may be locally present m OU2 
groundwater Enhanced in sztu bioremediation fosters and optlmlzes natural in situ 
bioremediation and biotransformation processes that occur m groundwater by mtroduction of 
nutrients orgaruc substrates and electron acceptors to the subsurface 

A passive treatment wall is a permeable reaction wall constructed of matenals that will 
degrade VOCs or sorb exchange or precipitate radionuclides Passive treatment walls are 
typically mtalled across the flowpath of a groundwater contamtnant plume so that the water 
passively moves through the permeable part of the wall and contammints react with the active 
material in the wall Passive treatment walls can be constructed so that the active m a t e d  can 
be removed disposed and replaced when contaminant breakthrough occurs 
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Figure 5 16 shows the proposed locations of in situ treatment components of Alternative 
4 These prellrmnary locations were selected based on the site hydrogeology and dissolved 
contammant distnbutions The proposed AS/SVE umt locations shown on Figure 5 16 are 
designated with an AS prefix AS/SVE may be mplemented usmg either trench or well 
designs depending on the saturated thickness of the UHSU A passive treatment wall 
(designated with a PTW prefix on Figure 5 16) is proposed m the area east of the 903 Pad to 
remediate radionuclides present in groundwater Proposed enhanced bioremediation locations 
would be smilar to those selected for AS/SVE Enhanced bioremediation would be used in lieu 
of AS/SVE if it is detennmed to be more effective dumg the DAA 

AS/SVE is proposed for the 903 Pad Mound area Trench T 2 Northeast Trenches and 
at a location in the narrow part of the medial paleoscour north of the Southeast Trenches 
AS/SVE will be used to remednte VOCs m both the unconsolidated geologic matenals and the 
No 1 Sandstone Greater VOC concentrations typically are found m groundwater m the No 
1 Sandstone Predictive modelmg will be used to detemme the appropnate spacmg and location 
of mdividual AS/SVE unrts If drymg of the UHSU can be achreved usmg contalnment 
technologies so that the unconsolidated geologic mateds and No 1 Sandstone are dramed 
only SVE may be requlred to remediate VOCs remamg m the newly created vadose zone m 
the UHSU 

An 800 foot long passive treatment wall is proposed for the area east of the 903 Pad to 
remediate radionuclide-contammated groundwater but passive treatment wall technology may 
also be considered for remediation of groundwater VOCs The treatment wall wlll be 
constructed so that its base 1s keyed mto low permeabllity bedrock strata The reactive part of 
the treatment wall will be designed so that it can be removed disposed and replaced when 
contaminant breakthrough occurs Contalnment bamers may also be used with the passive 
treatment wall to funnel contammated groundwater to the wall s active treatment zone 

5 5 5  GRA ExSrtuTreatment 
Alternative 5 Extraction wth or wthout Contmment, Ex Srtu Treatment, and 
Release 

Alternative 5 (Figure 5 14) consists of groundwater extraction ex situ treatment at the 
onsite water treatment plant and release Areal or local contamnt  may be used to enhance 
collection and extraction of groundwater and to mllllILllZe groundwater recharge Because of the 
moderately low permeabllities of the unconsolidated geologic matenals and the No 1 Sandstone 
groundwater extraction generally will be accomplished usmg mterceptor trenches with the use 
of pumpmg where hydraulic conductivities are greater Treatment of the contammated 
groundwater for radionuclides and VOCs wlll be conducted at an onsite water treatment plant 

Groundwater extraction mvolves the use of passive or active methods to collect and 
remove contammated groundwater from a site Passive groundwater collection 1s accomplished 
by mterceptor trenches or homontal dram Active groundwater collection 1s conducted via 

: 
I 
I 
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pumpmg Vertical containment may be used to locally control and route groundwater to central 
collection and extraction areas Capping may be used to m i m l z e  groundwater recharge 

Figure 5 17 shows the proposed locations of extraction and contalnment components of 
Alternative 5 The prelmlnary locations were selected based on the site hydrogeology and 
dissolved contaminant distribubons About 3 500 linear feet of interceptor trenches are proposed 
at locations north of the 903 Pad near Seep 56 north of the Mound area near Seep 59 
downgradient of Trench T 2 near Seep 64 downgradient of the Northeast Trenches and across 
the narrow part of the medial paleoscour north of the Southeast Trenches These trenches are 
designated with an IT prefut on Figure 5 17 Three pumping wells (designated W 1 W 2 
and W 3 on Figure 5 17) are proposed beneath and adjacent to the 903 Pad These wells are 
proposed to locally extract more hghly contammated groundwater m these areas 

A 1 200 foot long vertical bamer (designated VB 1 on Figure 5 17) is proposed 
upgradient (west) of the 903 Pad to mrnu~uze groundwater Mow to OU2 A natural 
soilhegetatwe cover may be mtalled over the areas encompassed by the 903 Pad Mound 
Trench T 2 and Northeast Trenches to maxlILllze surface water runoff and evapotranspmoon 
so that groundwater recharge IS mllzLrmzed Lmitmg groundwater recharge will result m 
lowermg the groundwater table reducmg the saturated thickness m c m m g  the thickness of the 
vadose zone and mmmuzmg the quanbty of groundwater collected and treated DetennmQon 
of the effectiveness of groundwater extracoon and treatment will be assessed dumg the D M  
Specific interceptor trench or pumpmg well confisuratrons and locabons and the need for 
contalnment or cappmg wlll be de temed  usmg predictive model smulations 
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6 0 Location-& Action-Specific Appticable or 
Relevant & Appropriate Requirements 
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60 LOCATION AND ACTIONSPECIFIC APPLICABLE OR RELEVANT AND 
APPROPRIATE REQUIREMENTS 

The DOE is responsible for identifying those promulgated standards requlrernents 
criteria or lmitations to be met durmg mplementation of the selected remedy Applzcuble 
requlrements are those cleanup standards standards of control and other substantive 
requirements cnteria or lmitations promulgated under federal envlronmental or state 
environmental or facility citrng laws that specifically address a hazardous substance pollutant 
contamrnant remedial action location or other clrcumstance at a CERCLA site Relevant and 
uppropnate requirements are those cleanup standards standards of control and other substantive 
requlrements cnteria or lmitations promulgated under federal envlronmental or state 
environmental or facility citrng laws that whle not applicable to a hazardous substance 
pollutant contaminant remedial acoon location or other cmumstance at a CERCLA site 
address problems or situations sufficiently srmllar to those encountered at the CERCLA site 
Only state standards that are promulgated and identified m a tmely manner by the state and are 
more stringent than federal requlrernents qualify as ARARs For purposes of idenofication and 
notification of state standards the term promulgated means that the standards are of general 
applicability and are legally blndmg 

In addition to ARARs other non promulgated advisones cntem or guidance documents 
that are to be considered (TF3Cs) to supplement an ARAR provision for a prncular release may 
be identified The TBCs are not legally bmdmg However the TBCs can be used when 
suitable to determrne the level of cleanup requlred to protect human health and the envlronment 

The EPA has established the three ARAR categones The categones are used as 
guidance since some ARARs do not necessmly fall mto th~s classificaoon system They mclude 
the followmg 

e Chemical specific requlrements are usually health or nsk based numencal values 
or methodologies whch when applied to site specific conditions result m the 
establishment of numenal values These values establish the acceptable amount 
or concentration of chemical that may be found in or discharged to the ambient 
environment via an emissions wastewater discharges or other routes 

e Locabon specific requlrements are restncoons placed on the concentration of 
hazardous substances solely because they occur m special locations Typical 
locaoon restmoons mclude areas with sensitive or mque charactenstics such as 
wetlands areas of hstoncal sigmficance or areas situated m locatlons requmg 
special precautions because of seismic activity or flood plams 

e Action specific requirements are usually technology or activrty based 
requlrernents or lmitations on actions taken with respect to management of the 
remediation waste or closure of the facility These requmments are tnggered by 
the particular remedial activities that are selected to accomplish a remedy 
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Chemical specific ARARs/TBCs that were previously identlfied for OU2 are presented 
in Tables 2 2 2 3 and 2 4 for surface soils subsurface soils and groundwater respectively 
Potential location and action specific ARARs/TBCs have been identified for each remedial 
alternative presented m Section 5 0 and are summarrzed in Tables 6 1 through 6 5 Location 
and action specific ARARs/TBCs will be further evaiuated and refined and each alternative will 
be evaluated with respect to compliance with the AR4RdTBCs during the DAA 

As discussed in Section 2 1 IHSSs that are associated with source areas for surface and 
subsurface soil contammation have been identified as llkely candidates for non tune cntical 
removal actions The National Contmgency Plan (NCP) states that removal actions under 
CERCLA Section 104 and removal actions pursuant to CERCLA Section 106 shall to the extent 
practicable considemg the exigencies of the situation attam ARARs under federal environmental 
or state envvonmental or facility citmg laws [40 CFR 300 415(i)] As such the ARARs/TBCs 
identified m Tables 6 1 and 6 2 should be considered m the design and mplementation of source 
removal actions for surfatx and subsurface soil 
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TABLE 2 1 
Msss ASSOCIATED WITH OU2 

// Out REMEDIATION AREAS 

SOURCE AREAS SOURCE AREAS 
FOR FOR 

SURFACE SOIL SUBSURFACE SOIL 
CONTAMINATION CONTAMINATION 

X 

X 

mss RESIDUAL 
SURFACE SOIL 

CONTAMINATION 

RESIDUAL 
SUBSURFACE SOIL 
CONTAMINATION 

903 Pad Drum Storage 
Site (112) X 

903 Pad Lip Site (155) X X 

X 
East Spray Fields 
(216 2) 

East Spray Field 
(216 3) 

Gas Detoxlficaaon Site 
(183) 

Mound Site (1 13) 

Oil Bum Pit No 2 Site 
(153) 

Pallet Burn Site (154) 

Reacave Metal 
Desuucuon Site (140) 

Trench T 1 (108) 

Trench T 2 (109) 

Trench T 3 (110) 

X 

X 

I X X X 

X 

X 

X X 

X X 

X X 

I X X X Trench T-4 (1 1 1 1) 

Trench T 5 (111 2) 

Trench T-6 (1 1 1  3) 

Trench T 7 (111  4) 

Trench T 8 (111  5) 

Trench T 9 ( 1 1 1  6) 

Trench T IO (111  7) 

Trench T 1 1  (111 8) 

X X X 

X 

X 

X 

X 

X X 

X X 

X 
X 

I X X X 

I X X 

X X X 

X 

Trench T 12 

X X 

Groundwater contammanon m the UHSU occurs throughout OU2 and is non MSS specific al 

S UIL~UZTMZYTABLESZ  

* - - AS- - i  



a 

.- 







TABLE 2 5 
MSSs THAT CONTAIN CONTAMINANTS OF CONCERN 
GREATER SELECI'ED REMEDIATION TARGETS 

903 Pad Drum Storage t-- site (1 12) 

11 903 Pad Lip Site (155) 

East Spray Fields 
(216 2) 

East Spray Field 
(216 3) 

Gas Detoxificauon Site 
(183) 

Mound Site (1 13) 

Oil Burn Pit No 2 Site 
(153) 

Pallet Burn Sire (154) 

Reacuve Metal 
Destrucnon Site (140) 

Trench T 1 (108) 

Trench T 2 (109) 

Trench T 3 (1 10) 

Trench T 5 (111  2) 

11 Trench T-6 (111  3) 

Trench T 7 (1 1 1  4) 

Trench T 8 (1 1 1  5) 

Trench T 9 (1 1 1  6) 

Trench T 10 ( 1 1 1  7) 

Trench T 1 1  ( 1 1 1  8) 

Trench T 13 

SOURCE AREAS 
FOR 

SURFACE SOIL 
CONTAMINATION 

X 

OU2 REMEDIATION AREAS .I 
SOURCE AREAS 

FOR RESIDUAL4 RESIDUAL 
SUBSURFACE SOIL SURFACE SOIL SUBSURFACE SOIL 
CONTAMJNATION CONTAMINATION CONTAMINATIOY 

X 

X' 

I 
X 

X 

X 

X X 

X 
X 

X 

X 

X I I 
X 

X 

X 

X 

X 

Groundwater contammation m the UHSU occurs throughout OU2 and IS non IHSS specific 
Includes surroundmg areas of the IHSS with concentrations of contamination that exceed OU2 
remediation target level 

a/ 

b/ 

Y 



TABLE 4 1 
SELECTED REPRESENTATIVE PROCESS OPTIONS 

FOR SURFACE SOILS 

SURFACE SOIL 
GENERAL 

RESPONSE ACTION 

No Further Action (NFA) 

Institutional Actions 

Contalnment 

Removal 

In Situ Treatment 

Ex Sztu Treatment 

S EMILWO~TMZU’ABLES! 

None 

REMEDIAL 
TECHNOLOGY 

Access Restrictions 
Land Use Restnctions 
Mosutormg 

Honzontal Bamers 

Excavation 

Short Distance Transport 
Long Distance Transport 

Offsite Dsposal 
Onsite Disposal 

Solidification/Stabilmbon 

ChemcaUPhysical Treatment 
SolidificahodStabilmtion 

REPRESENTATIVE 
PROCESS OPTION 

Not Applicable 

Fencmg Secunty Etc 
Deed Restnctions 
Fugitive Dust Momtormg 

Cover 

Soil Excavaaon 

Conveyor System 
TrucklRall Haulmg 

LandfilYTSD Facility 
Permitted Landfill 

SolidificatiodStabilmbon 

soll Washlng 
Stabillzation 
Vitnficabon 



TABLE 4 2 
SELECTED REPRESENTATIVE PROCESS OPTIONS 

FOR SUBSURFACE SOILS 

SUBSURFACE SOIL 
GENERAL 
RESPONSE ACTION 

No Further Action (NFA) 

Institutional Controls 

Contauunent 

Removal 

In Situ Treatment 

Ex Situ Treatment 

REMEDIAL 
TECHNOLOGY 

None 

Access Resmctions 
Land Use Resmctlons 
Momtomg 

Vemcal Bamers 
Honzontal Bamers 

Mechamcal Excavation 

Short Distance Transport 
Long Distance Transport 

Offsite Disposal 
Onsite Disposal 

Biological 
ChemicaYPhysical Treatment 
SolidificatiodStabillzatton 

Thermal Treatment 

ChemicaVPhysical Treatment 
SolidificaQodStabilwtion 

Thermal Treatment 

REPRESENTATIVE 
PROCESS OPTION 

Not Applicable 

Fencmg Secunty Etc 
Deed Restnctlons 
Vadose Zone Momtomg 

Slurry Wall 
Cover 

Sod Excavation 

Conveyer System 
TrucWRa~l Haulmg 

LandfilYTSD Facility 
Pemtted Landfill 

Enhancd BioremediaQon 
Sod Vapor Extraction 
Stabilnabon 
Vitnficaaon 
Thermally Enhanced Soil 

Vapor Extraction 

Soil washmg 
Encapsulabon 
Vitnficabon 
Low Temperature Thermal 

Desorpbon 
Incmtrabon 



I 
TABLE 4 3 

SELECTED REPRESENTATIVE PROCESS OPTIONS 
FOR GROUNDWATER 

GROUNDWATER GENERAL REMEDIAL 
RESPONSE ACTION TECHNOLOGY 

No Further Action (NFA) Intrmic Remediation 

Institutional Controls 

Containment 

Removal 

In Situ Treatment 

Ex Situ Treatment 

Access Controls 
Land Use Restnctions 
Intrvlsic Remediation 

Surface Controls 
Groundwater Controls 
Vertical Bamers 
Homontal Bamers 

Groundwater Extraction 
Groundwater Transport 
Disposal 

Enhanced BioremediaQon 

Chemical/Physical Treatment 

Thermal 

Chemcal/Physical Treatment 

REPRESENTATIVE 
PROCESS OPTION 

Groundwater Momtormg 

Fencmg Secullty Etc 
Deed Restnctlons 
Groundwater Momtormg 

Revegetation 
Interceptor Trenches 
Cutoff Wall 
Cover 

Interceptor Trenches 
TrucWRail Haulmg 
WETS Sewage Treatment Plant 

Enhanced Aerobic Bioremediation 
Enhanced Anaerobic 

Bioremediabon 
Air Spargmg/SVE 
Passive Treatment Wall 

Thermally Enhnaced Soil Vapor 
Extracbon 

Onsite Water Treatment Plant 
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APPENDIX A 

DESCRIPTION OF SOIL TECHNOLOGIES AND PROCESS OPTIONS 
PASSING THE TECHNICAL IMPLEMENTABILITY SCREEN 
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DESCRIPTION OF SOIL TEXHNOLQGIES AND PROCESS OPTIONS 
PASSING THE " I C A L  IMPLEMENTABXLI'IY SCREEN 

l h s  appendlx prowdes a descnpbon of the technologies and process opbons that have 
passed the technical implementabdity screen and are being considered for remediabon of 
contaminated soil at WETS The technologies included in this appendix cover the range of 
opbons and approaches avalable to treat contaminated sod or othemse protect human health 
and the environment These technologies alone or in combinabon have been considered in the 
development of altemabves to sabsfy the remedial acbon O~J~C~IVCS EPA gudance documents 
engineenng reference matenals techmcal journals penodicals and reference data bases were 
used to prepare these technology desmpbons 

The technologies are orgamed m general by general response achon technology type 
and process opbon The followg general response acbons are no acbon msW.ubonal acbons 
contiunment removal transport storage and disposal m szcu treatment and ex s m  treatment 

A 1  NO FURTHER ACTION 

The no acbon opbon prowdes a baseline exposure nsk scenano for companson with the 
nsks associated with implementabon of other technology types No achon means no response 
to potenbal sod contammabon and no mterrupbon of poknhal human health and enwronmental 
exposure pathways Although nothmg is implemented to address soil contammahon under no 
acbon natural processes such as ddubon volatdmbon biodegradabon adsorption and 
chemical reacbons may occur These processes are collectlvely referred to as natural 
attenuabon and over hme may reduce contammant concentrabons Contammants that may be 
degraded removed or reduced as a result of natural attenuabon mclude non halogenated volat.de 
and semivolatde orgamcs and petroleum hydrocarbons Other compounds such as halogenated 
volatdes and semivolades pesbcides and inorganics may also naturally attenuate but not as 
e ffechvel y 

The following factors may limit the applicabtlity and effecbveness of the process 

No acbon and natural attenuabon should be used only in low nsk situabons and 

No achon may requrre penodic sod surface water and groundwater monitonng 
(EPA 1988) to determine if any changes have taken place in short term and long 
term nsks 

A 2  INSTITUTIONAL CONTROLS 

Insbtuhonal controls reduce exposure to site contammants through administrabve acbons 
and access restncbons Admirustrahve acbons mclude land access and use restncbons and 
monitonng of condihons at the site The intent of access restnchons is to mterrupt exposure 
pathways Access restnchons include bamers fencing and wammg signs 



Insbtubonal controls may be appropnate for sites where the potenbal for exposure LS 
minimal or where baseline nsks are determined to be low However insbtubonal controls may 
also be selected for highly contammated sites where the nsks to workers or community dunng 
remediabon would exceed the present nsks at the site In this case instttubonal controls could 
include site access restncbons 

As indicated above mshtubond controls may be combined with other response acbons 
to satrsfy remedial acbon objecbves For example if a site is remediated through contaxnment 
or treatment insbtubonal controls such as deed restncbons or access restncbons may be 
implemented dunng as well as after the site is remediated 

A 2 1  Access Restri&ons 

Access restncbons reduce potenhal exposures by hrmbng access to contammated areas 
Such restnctrons include warning signs fences and other physical barners and can also mclude 
secunty systems such as guards lighbng and alarms The most common access restncbon 
applicable to humans is fencmg 

The followng factors may l in t  the applicabllity and effwbveness of the process 

Access restnchons may have to be expanded if contaminants rmgrate and 

It is difficult to estabhsh verhcal access restncbons 

A 2 1 1  Fencmg, Securrty 

Exposure to contarmnants would be reduced or ehmmated by mstalhg a fence around 
the enure site Long term secunty would be pronded to ensure that the public does not enter 
rnto the ratncted area Monitonng would be needed to ensure that the contaminants are not 
migratmg outside the fenced area If contammabon migrabon occurred the fenced area may 
need to be expanded to ensure protecbon of the public 

A 2 2  Land Use Restrictions 

Exposure to contarmnants may be reduced or eliminated through land use restncbons 
Land use restncbons may be incorporated in deeds or zoning requuements Often deed and 
zonmg restncbons must be considered together because deed restnc&ons mdicate what cannot 
be done and zomng restnchons mdicate what can be done Before deed restncbons can be 
implemented a comprehensve btle search would be needed to venfy Fee Simple ownershp 
(1 e mmeral water and other inherent nghts) of the land 

A 2  



A 2 2 1  Deed Restrictions 

Exposure to contaminants may be reduced or elimmated by adding restnchons to the 
property deed that limt the future land use For example residenhal or commercial 
construcbon in contammated areas could be prohibited by defining those areas and adding an 
appropnate sbpulahon in the property deed The contaminants would not be removed but may 
be reduced over bme by natural attenuabon 

The following factors may hmt the applicabdity and effechveness of the process 

The mineral water or other mherent nghts must be purchased if they are owned 
byanotherparty and 

Potenhal present and future legal challenges may cause difficulhes 

A 2 2 2  Zoning Restrictions 

Exposure to contaminants may be reduced or ehminated by restnctmg future land use 
through zoning ordinances Zolllng restnchons would restnct development or use of the en- 
property rather than just the contammated areas Agan the contarmnants would not be 
removed but may be reduced over hme by natural attenuabon 

The followmg factors may limit the applicabdity and effecbveness of the process 

Zonlng restnchons may be changed by pubhc and insbtubonal decree at any 
bme and 

Potenhal present and future legal challenges may cause difficulhes 

A 2 3  Monitoring 

Momtonng of surface water groundwater vadose zone moisture or fugibve dust may 
be incorporated into a remedial achon altername to evaluate site condittons before dunng and 
after remedrabon Monitonng mvolves penodic samphg and analysis to detemne if surface 
water groundwater vadose zone or fugitwe dust contaminants have degraded or migrated 
Monitonng does not reduce contarmnant toxlcity mobhty or volume Consultants and 
laboratones that conduct sufface water groundwater vadose zone and fugitlve dust monitonng 
are readdy avsillable 

The following factors may limt the applicability and effecbveness of the process 

Strahficahon of contarmnants in stagnant waters must be considered and 



Proper locabon and installahon of the monitonng wells can be difficult and 
should be based on all avadable contaminant data as well as on geologic and 
hydrogeologic data 

A 2 3 1  Groundwater Molutomg 

Site specific charactensbcs that influence the placement of monitonng wells include the 
nature of the aquifer (e g artesian) charactenstm of potenbal leachate and groundwater depth 
flow rates and dmbon of flow Based on assumpbons and data about the charactenshcs of 
the site approximate permeablllty of sods m the zone of aerabon and duecbons and velocibes 
of groundwater flow the maxlmum probable areal extent of contaminant mgrabon can be 
esbmated as a basis for establishing the posibon of momtonng wells 

Proper locabon and mstallabon of momtonng wells are essentnl to a momtonng 
program A mmimum of four groundwater monitonng wells are typically mstalled at a 
hazardous waste site one upgradient well and three downgmhent wells However site 
hydrogeology is often too complex for only four wells to provide adequate detecbon of 
groundwater contarmnabon 

Upgradient wells are placed beyond the upgradient extent of contaminabon At least 
three downgradient wells are located to ensure that releases of hazardous waste or hazardous 
waste consbtuents from the hazardous waste management umt(s) to the uppermost aquifer wdl 
be quickly detected The specific number of wells to be mcluded m a detectton system depends 
on the horizontal spacing between well locattons and the vemcal sampling mtervd of mdividual 
wells 

A 2 3 2  Vadose Zone Monitoring 

Monitonng of the vadose zone (1 e the unsaturated zone) of soil beneath a hazardous 
waste site is currently not requmd by federal reguhhOnS However vadose zone monitonng 
can be used to demonstrate that overlymg contaminants have not migrated into the vadose zone 
and also that existmg contarmnants in the vadose zone are not moving 

The most commonly used momtonng tool m the vadose zone is the sucbon lysimeter 
Sucbon lysimeters are mstalled in the vadose zone beneath the hazardous waste site and beneath 
any low permeabdity hers Backup lysimeters are often installed beneath or adjacent to the 
pnmary lysimeter to verify results 

A 2 3 3  hpt ive  Dust Monitomg 

Monitonng of fugibve dust pnmmly includes mhological surveys These surveys can 
be used to demonstrate that contaminated sods are not migxabng vlii the md/au dispersion 
pathway Ambient itlr samplers monitor atrborne dispersion of radioacbve matenals Samplers 



operate conhnuously at a volumetnc flow rate of approximately 12 liters per second collectrng 
iLlr pamcles on fiberglass filters 

A 3  CONTAINMENT 

Contamment interrupts the exposure pathways to contaminated soil and prevents or 
reduces migrahon of hazardous substances into the surrounding environment While contamment 
reduces the mobility of the contaminants it does not reduce their toxicity or volume 
Contamment technologies include honzontal and vernal barners 

A 3 1  Vertical Barriers 

Verhcal bamers prevent honzontal migraoon of contarmnabon by introducmg or creahng 
a physical barner around all or part of the contammated sod mass Slurry walls and synthetrc 
membrane cutoff walls are types of verttcal barners 

A 3 1 1  Slurry Wall 

These subsurface barners consist of a verhcally excavated trench filled with a slurry 
The slurry usually a mture of bentomte and water hydraulically shores the trench to prevent 
collapse and forms a filter cake to reduce groundwater flow In some cases sod or cement is 
added to the bentomte sluny to form a sod bentomte or cement bentomte barner Slurry walls 
can be keyed to a confining layer of clay or bedrock or left hanging when contammants 
such as petroleum hydrocarbons do not mlx wth the groundwater Slurry walls are often used 
where the waste mass is too large for prachd treatment and where soluble and moblle 
conshtuents pose an imment threat to a dnnlang water source They are economd at 
moderate depths (40 to 70 feet) and have a low water permeability (from 1 0 5  to 10, cm/sec) 
Slurry walls have been successfully implemented at hazardous waste sites are applicable to the 
full range of contaminants wth no parhcular target group but are considered capital mtensive 

The followng factors may limit the applicabihty and effecbveness of the process 

The technology only contams the contarmnants to a specific area 

Soil bentomte backfills are not able to withstand attack by strong aads bases salt 
soluhons and some organic chemicals There is some concern regarding the 
permeabihty of slurry walls to certam organic compounds 

There is the potentral for the slurry walls to degrade or detenorate over hme and 

The trenches are generally hmited to an excavated depth of appronmately 30 feet 
using convenhonal backhoes Greater depths approaching 70 feet can be 
acheved using telescopic backhoes or clamshells 



A 3 1 2  Synthetic Membrane Cutoff Wall 

Synthetlc membranes are used to form a cutoff wall to divert or contam groundwater 
Compabbility testmg of the hers with chemical wastes must be performed to determine 
durability To place a synthebc membrane liner as a vernal bmer  a trench must be dug from 
the surface to an impervious soil layer and a dram must be placed in the bottom of the trench 
to remove excess water The synthebc membrane must be suspended vertxally in the trench 
and the trench must be backfilled wth sand or other suitable matenal To be effective the liner 
must be keyed into the underlymg impervious barner Dunng constructlon the trench must 
remam open to fachtate placement of the liner Extra pre!caubons must be taken when worlang 
with loose unconsolidated matenals to ensure proper placement of the h e r  

The followmg factors may hmit the apphcabhty and effectlveness of the process 

The technology only contams the contamrnants to a specific area 

Construcbon depending on site condibons may be difficult and the synthebc 
membrane may become damaged and 

The trenches are generally limited to an excavated depth of approximately 30 feet 
using convenbonal backhoes Greater depths approachmg 70 feet can be 
achieved using telescopic backhoes or clamshells 

A 3 2  Hollzontal Barriers 

Honzontal bamers reduce contammant migrabon from sods and sediments by miniming 
contaminant enmnment as dust leaching infiltfahon andor contact with surface water runoff 
Honzontal bamers are effectwe m conmmng organic and inorganic contaminated sods 

Exposure pathways to contaminants in sods and sediments are also mtempted by 
horizontal bamers Honzontal barners include caps and covers grout lnjectton pavement and 
sprayed sealants 

A 3 2 1  Vegetative Cover 

Vegetatwe cover praxsses include grading and backfillmg the contammated area with 
general backfiWtopsoi1 mated plantlng vegetabon and applying pea gravel 

A 6  



The following factors may hmt the apphcability and effEhVenM of the process 

Bacldillmg and gradrng provide no hydrauhc bamers to prevent infiltrabon of 
pmpitabon mto underlymg matenal 

Sod types and avsulablltty of water are cnbcal for development of a vegetatwe 
surface 

Penodic repair and mamtenance may be requlred 

The process is not usually considered a long term conmment process and 

Momtonng and a leak detecbon system may be requlred 

A 3 2 2  AsphaIt Based Cover 

An asphalt based cover mvolves placmg an asphalt layer over a crushed stone beddmg 
layer dlrectly on the site surface Before the pavement is placed the site surface must be 
compacted and graded to prevent hfferenbal settlement Pavement is subject to craclang 
through weathenng processes and has not frequently been used for long term conmment of 
hazardous wastes 

The follomg factors may hmt the apphcabihty and effacbveness of the process 

The technology only contams the contarmnants rn a specific area 

Pavement is suscepbble to damage by weather (e g sun and the freedthaw 
cycle) plants and ammals 

Design life may be lnappropnate for the contarmnants of concern 

Penodic repau and mamtenance may be required 

The process is not usually considered a long term contamment process and 

Momtonng and a leak detecbon system may be r e q d  

A 3 2 3  Compacted Clay Cover 

Compacted clay is frequently used in angle or mulbple layers m the final cover system 
of both hazardous and mumcipal waste landfills These cover systems may also be used to 
contam contammated soils Bentomte a natural clay wth lugh s w e h g  properhes is often 
transported to a ate and med wth onate sod to produce a low permeztblllty cover matenal 
Onsite sods can somebmes be compacted to acheve the requved pcrmcablllty of 1 x 10' cm/sec 
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or less Vegetahon is typically the find surface of a cover system h j w  vegetabon reduces 
the damagmg effects from eroaon due to m d  and surface water runoff 

The following factors may hmt the apphcabihty and effecbveness of the process 

The technology only contams the contaminants in a sp i f i c  area 

The UNfomty of compacted sod walls is difficult to control 

The cover may requve large volumes of construchon matenal 

Weathenng (craclang) of the clay cover may requve extensive mamtenance and 

Monitonng and a leak detecbon system may be requmd 

A 3 2 4  Muiti Layer Cover 

Clay compacted sod or synthehc membranes are frequently used in smgle or mulbple 
layers m the final cover system of both hazardous and mumcipal waste landfills These cover 
systems may also be used to contam contammated soils Bentomte a natural clay with hgh 
swehg properhes is often transported to a site and wed wth onmte sod to produce a low 
permeablllty cover matenal Onate soils can be compacted to acheve the requmd permeablllty 
of 1 x lo7 cm/sec or less The most common synthebc membrane matenals are polyvmyl 
chlonde polyethylene butyl rubber Hypalono and neoprene 

An example of a mulb layer cover conslsts of the following (1) a gas-collechon layer 
(2) a composite hydrauhc barner layer combimng a compacted-clay and a flemble membrane 
liner (3) a biobc bamer and h a g e  layer (4) a topsoil layer and (5) a permanent vegetatwe 
cover 

The following factors may limit the applicabdity and effecbveness of the process 

The technology only contams the contammants m a specific area 

The umfomty of compacted soil walls is &fficult to control 

Synthebc membrane matenals can be easdy damaged by weather human acbwty 
and mmals 

Synthebc membrane matenals can degrade over bme and may need to be 
miuntamed or replaced and 

Monitonng and a leak detecbon system may be r c q d  
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A 4  IN SITU TREATMENT 

In situ treatment of contammated soils and sediments is conducted without removal of 
contaminated mated In situ treatment technologies are generally not as well developed or 
tested as direct treatment equivalents and are highly dependent on site condihons In situ 
technologies may also involve the delivery of solubons or reagents to the zone of contaminabon 
as well as the control of the spread of contaminants and treatment reagents beyond the 
subsurface treatment zone Apphcabllity of zn situ methods must generally be estabhshed on a 
site specific basis by pilot Scale treatability studies In sztu treatments mclude biological 
chemidphysical and thermal treatments 

A 4 1  Biological Treatment 

Bioremediabon uses naturally occurring mcro-organisms such as bactena fungi or 
yeast to degrade harmful chemcals mto less toxic or nontoxic compounds Wcro-organisms 
hke all hvmg orgasms need nutnents (such as mtrogen phosphate and trace metals) carbon 
and energy to survive Mcro-organisms break down a wide vmety of orgmc (carbon 
contiumng) compounds found rn nature to obtam energy for their growth Many species of soil 
bactena for example use petroleum hydrocarbons as a food and energy transforrmng them mto 
harmless substances consistmg m m l y  of carbon dioxlde water and fatty acids Bioremediabon 
harnesses this natural process by promohng the growth of micro-orgasms that can degrade 
contaminants and convert them to less tonc or nontoxlc byproducts The major zn situ 
biological treatment technologies include biodegradabon biovenbng bio-uptake and land 
fming/agncultural pracbces 

A 4 1 1  Enhanced Biomnedratron 

The acbvity of naturally occumg microbes is sbmulated by circulatmg water based 
SoluQons through contammated soils to enhance zn siiu biological degradation of organic 
contaminants Nutnents oxygen or other amendments may be used to enhance bioremediatron 
and conmnant desorpbon from subsurface matenals Generally the process includes above 
ground treatment and condihomng of the mfiltrabon water wth nutnents and an oxygen (or other 
electron acceptor) source Bioremediatton has been successfully applied at hazardous waste 
sites 

The followmg factors may hmit the applicability and effecbveness of the process 

Extensive treatablllty studies and site charactenzabon may be necessary 

The crrculabon of water based solubons through the sod may mcrease 
contaminant mobihty and necessitate use of an aboveground system for treatmg 
water pnor to re-mjechon or disposal 



The injecbon of mrcro-orgamsms into the subsurface is not recommended and 
naturally occurring organisms are generally adapted to the contaminants present 

Preferenbal flow paths may severely decrease contact between mje~ted fluids and 
contammants throughout the contammated zones 

The system should be used only where groundwater is near the surface and where 
the groundwater underlymg the contammated soils is contammated 

The system should not be used for clay highly layered or heterogeneous 
subsurface enwonments due to oxygen (or other electron acceptor) transfer 
hmitabons and 

Bioremediabon may not be applicable at sites where there are high concentrabons 
of heavy metals highly chlonnated organics or morganic salts 

Target contarmnants for in situ bioremediabon are non halogenated volatde and 
semivolatde orgamcs and petroleum hydrocarbons Halogenated volat.de and semvolatde 
orgamcs and pesbcides also can be treated but the process may be less effecbve and may only 
be applicable to some of these compounds 

The overall cost of zn sztu bioremediabon should be in the range of $100-$300/ton 

In situ bioremediahon is consldered operabons and matnknance (O&M) intensive 
Vanous quanhhes of nutnents or other amendments must be obtsuned and cmulated through 
contammated soils and their concentrauons and effects on contarmnant degradabon rates must 
be momtored 

In situ bioremediabon has been demonstrated to treat low levels of orgaruc contarmnants 
and is especially attracbve at sites where soil excavabon is difficult or expenslve or where soil 
remediabon can be bed into groundwater treatment The most common type of zn sztu 
bioremediahon treatment involves aerobic degradabon of contarrunants adsorbed onto sods wthm 
the saturated zone of a site The process mvolves the addibon of small amounts of nutnents 
(ammonia and phosphate) and large quanbhes of an oxygen source (e g , hydrogen peroxlde) 
This is accomplished by mjechng nutnent-ennched soluhons mto the contammated zone through 
a senes of wells or trenches and recovenng the downgradient groundwater 

For the process to be effecbve the mjecbonlrecovery system must provide for the 
transport of nutnents throughout the enbre contammated zone If possible th~s should follow 
the contaminant pathway Th~s is parhcularly difficult m the vadose zone or at sites wth 
complex underlying geology or low permeability sods Methane-oxidmg processes may be 
effectwe m enhancing degradabon of volable halogenated compounds 



Anaerobic bioremediahon has not been demonstrated for m sztu applicahons because of 
the difficulty m muntanung an oxygen free enwonment and because of the temperature 
sensihvity of the mcrobes Research is currently being conducted to inveshgate the feasibility 
of anaerobic bioremedlabon for deep soils or aquifers 

A 4 2  ChermcaYPhysical Treatments 

Physical treatment is a process in whch the hazardous waste is separated from its m e r  
by vanous physical methods mcluding adsorpbon disbllahon and filtrabon Physical treatment 
is apphcable to a wde variety of wastes but further treatment is usually requved For this 
reason physical treatment is often &scussed along with chermcal treatment 

Chemcal treatment is a pfocess in which the hazardous waste is altered by a chemcal 
reachon to destroy the hazardous component Wastes that can be treated by this method include 
both organic and inorgmc compounds Drawbacks to this method include the mhbihon of the 
treatment process reachon by impunhes m the waste and the potenbal generahon of hazardous 
byproducts 

The major m sztu physidchemical technologies mclude pneumahc hctunng sod 
flushing hydrolysis chenucal omdahon and soil vapor extrachon 

A 4 2 1  Pneumatic: F’ractumg 

Pneumahc fractunng is normally combmed with other m sztu processes such as sod 
flushmg or vapor extracbon to improve contammant removal Pressurized am is mje~ted beneath 
the surface to develop cracks m low permeabdity and over-consolidated sediments These new 
passageways increase the effechveness of many m szfu processes and enhance extrachon 
efficiencies 

The followng factors may hmt the applicabdity and effecbveness of the process 

The technology should not be used in areas of high seisrmc achvity 

Invesbgabon of possible underground uhhhes structures or trapped free product 
is required and 

The potentml exlsts to open new pathways for the unwanted migrahon of 
contarmnants (e g dense non aqueous phase hquids) 

Pneumahc fractunng is applicable to the complete range of contarmnant groups with no 
w c u l a r  target group The technology is used pnmanly to fracture clays and bedrock but has 
applicahons in aeratmg sandy formahons Normal operabon employs a two-person crew who 
make 25 to 40 fractures per day wth a fracture radius of 15 to 20 feet (4 66 1 meters) to a 
depth of 50-100 feet (15 2 30 5 meters) 



The normal cost range for pneumahc fiactunng is $5 $lO/ton ($5 SO-$ll OO/metnc ton) 
Pneumahc fractunng is not consldered capital or O&M intensive 

A 4 2 2  Soil Gas Ventmg 

If organxc hazardous or nonhazardous waste is deposited in a pit trench or landfill 
landfill gas (LFG) producbon can be expected Landfill gas is produced by anaerobic 
decomposibon of organic matenal and conslsts pnmanly of methane and carbon dioxide but 
could also contam small concentrabons of other volable organic gases such as my1 chlonde 
LFG can be flammable and somebmes explosive Landfill gas can move vertxdly and laterally 
through sods under a pressure gradient or a concentrabon gradient vlii diffusion 

Landfill gas from hazardous waste sites is currently either vented mto the atmosphere or 
collected and flared or mcmerakd Atmosphenc vent systems usually consist of a senes of 
honzontal perforated collechon pipes located on top of the landfilled matenal and under the 
final cover the LFG is vented to the atmosphere via verhcal nser pipes Altemahvely the LFG 
can be collected via an extracbon blower and flared or incinerated if it is too toxic or 
odonferous for d m t  ventdabon 

A 4 2 3  Sod Vapor Extraction 

Sod vapor extrachon (SVE) applies a vacuum through extrachon wells to create a 
pressure gradient that induces volatrle compounds to diffuse through the soil to extracbon wells 
The basic components of an zn szm vacuum extrachon system include producbon wells 
morutonng wells and high vacuum pumps The vacuum pumps are connected via a piping 
system to a senes of production wells dnlled through the contaminated sod zone Spacing of 
the producbon wells is detemed by mathemabcal models or pilot teshng Monitonng wells 
are dnlled around the producbon wells to monitor the mtersbbal a r  pressure PIaclng au 
injecbon wells between the producbon wells or placing an impermeable cover over the surface 
of the zone bemg treated may improve a r  flow through the soil These approaches prevent the 
SUT in the vicixuty of the produchon wells from short-circmhng by constmrung the au to flow 
laterally through the sod The process mcludes a system for handhg off gases The system 
for handling the off gases usually mcludes a liquidvapor separator and is treated by an acbvated 
carbon bed catalybc converter or afterburner This process also is known as zn szm sod 
venhng zn szm volatlluatlon enhanced volahlmhon and soil vacuum extracbon 

The followng factors may hmit the applicability and effshveness of the process 

Wgh humc content of sod inhibits contammant volabhzahon 

Heterogeneous soil condibons may result in inconsistent removal rates and 

Low soil permeabdity limits subsurface an flow rates and reduces process 
efficiency 



Halogenated and non halogenated volable organic compounds and petroleum 
hydrocarbons are the target contaminant groups for zn szm SVE (Sbnson 1989) The technology 
is applicable only to volatde compounds with a Henry s Law constant greater than 0 01 or a 
vapor pressure greater than 0 5 units In s i c  SVE generally applies only to the vadose zone 
Treatment of the saturated zone is only possible by arbficially lowenng the water table Smce 
SVE is an in situ remedy and all contaminants are under vacuum untd treatment the possibility 
of contaminant release is reduced 

I 

I 
Data mdicate that the overall cost for zn szm SVE is typically under $50/ton excluding 

treatment of off gases and collected groundwater SVE is considered O&M intensive 

In szm SVE may be enhanced by the mjectlon of heat using thermal technologies Since 
higher temperatures cause enhanced volathzabon and the configurabon of the systems requlres 
a thermal component detsuls of thermally enhanced SVE are presented m Secbon A 4 4 3 under 
Thermal Treatments 

A 4 2 4  Electrokinetics 

Electrolanebc soil processing is an zn szm contmuous process for the removal of iomc 
or charged species from sods includmg heavy metals radionuchdes and selected orgatuc 
pollutants Electrolanebcs is the process of passlng a low intensity d m t  current through 
contammated soil The double-layer theory plays an important role when electnc potenbal is 
applied to the soils For sod parhcles the double layer consists of a fixed layer of negatwe ions 
that are lirmly held to the sohd phase and a diffuse layer of catrons and anions that are more 
loosely held Applymg an electnc potenbal to sod promotes migrabon of the loosely held ions 
to their respectlve electrodes dragging water molecules along with them as they move toward 
the electrodes The electnc field is expected to mcrease the leaching rate of heavy metals 
which can be precipitated from solubon by establishing appropnate pH and osmofic gradients 
To date electrolanebcs has not been demonstrated beyond the bench scale for remediabon of 
contaminated soil The energy requirements are quite high dunng implementabon of the 
Pr- 

A 4 2 5  Electroacoustic Sod Decontamination 

In sznc electroacousbc soil decontaminabon is an emerging technology used for 
decontaminatron of sods conmmg hazardous organics by applying electncal (direct current) and 
acoust~c field The direct current facilitates the transport of liquids through soils The process 
consists of electrodes (an anode and a cathode) and an acoustlc source Applymg an electnc 
potenbal displaces ions loosely held on sod parbcles and the catlons drag water along with them 
as they move toward the cathode Although the phenomenon is not fully understood an acoustrc 
field can enhance the dewatenng or leachmg of wastes such as sludges when properly applied 
in conjuncbon wth an electric field and water flow One other possible applicabon of the 
acousbc field is unclogging recovery wells The technology is most apphcable for fine g m e d  
clay soils Early results indicate that electroacoustx soil decontaminabon is technically feasible 
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for removal of morganic spezies such as nnc and cadmum from clay soils and only 
marginally effectwe for hydrocarbon removal (SITE Technology Profile undated) 

A 4 3  Solidification/Stabiion 

Contaminants are physlcally bound or enclosed within a stabilized mass (sohdificabon) 
and/or chemical reacbons are mduced between the stabihzing agent and contaminants to reduce 
theu mobihty 

The followmg factors may hmit the apphcability and effecbveness of the process 

Depth of contamrnants 

Environmental condihons whch affect the abdity to matntam immobhabon of 
contamrnants 

A sigmficant mcrease in volume (up to double the ongmal volume) with some 
processes and 

Incompabbility of cemn wastes wth this process trcatabihty studies may be 
required 

The target contaminant group for zn szfu solidlficatlon/stabilmtlon IS inorgmcs The 
technology s effectweness agamst halogenated and non halogenated semvolatlle orgmc 
compounds and pesbcides is currently hmited however systems designed to be more effectwe 
m treabng organics are being developed and tested In szm sohdificabodstabdmbon is 
relabvely simple uses r d l y  avadable equipment and has high throughput rates compared to 
other technologies 

Overall cost of zn szm solidificahon/stabilnabon should be less than $lOO/ton In sztu 
solidificabon/stabduatlon is considered to be capital mtensive 

In sztu sohdificabodstabihbon technologies mclude pozzolanic based solidificabon 
cement based sohdificahon and propnetary agent solidificahon 

A 4 3 1  Stabllizatron 

Stabdmbon refers to a process by which a waste is converted to a more chemcally 
stable form The term may include solidificabon and the use of a chemcal rcacbon to transform 
the toxlc component to a new nontoxlc compound or substance Biological processes however 
are not considered Stabhzabon or sohdificabon is often accomphshed usmg propnetary agents 
to react with or bmd wastes under ex sztu condibons 
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Most propnetary processes are protected from unauthonzed use by patent or copynght 
laws Several propnetary agent processes are very similar and therefore extensive bench scale 
tesbng is advisable Acceptable results from tesbng of more than one process can achieve cost 
sawngs through compebbve pncing 

Stabilizabon uses a vanety of chemical agents to react with sod contaminants to produce 
a less mobile or less toxic compound A number of propnetary solidificahon agents have been 
used for in situ solidificabon/stabhzabon at hazardous waste sites This process is similar to 
pozzolanic based solidificabodstabhabon usmg convenbonal earth movmg equipment or 
modified dnlling techniques for mlxing Several propnetary agent binders are avdable to assist 
in binding organics however the process works best for inorgamcs and metals Some agents 
used in thls process may cause a sigmficant volume increase! m treated sod 

A 4 3 2  Slurry Injection 

Slurry injecfion includes the injecbon of a slurry mixture contsuning chemcal reagents 
Slurry mjecbon is an into the sod where i t  hardens and immobihzes any contarmnants 

innovabve technology and its long term effecbveness is unknown 

The followmg factors may hmit the applicabhty and effectweness of the process 

Contarmnants immobdized but not removed 

Freeze/thaw degradabon 

Rocks larger than 10 inches 

Soil volume mcreases of up to 8 5 percent and 

Access would be r e q u d  for a dnll ng and muting equipment 

A 4 3 3  Solidrfication 

Sod mmng techmques and poualonic agents are used to produce a solidified sod mass 
The requlred equipment and matenals are readily avadable and the process is considered to be 
a proven estabhshed full scale technology 

The followmg factors may l in t  the applicabhty and effecbveness of the process 

Reduces mobility and results in an increase in sod volume 

&gh orgamc concentrabons may impede settmg and bmdmg 

Heterogeneous and high moisture sod may be more difficult to treat 

r 



Pdot tesbng may be needed to specify design requirements and 

Mzuntenance of the solidified mass monitonng and penodic sampling may be 
required 

A 4 3 4  Cementation 

Cement based and pozzolanic based sohdificabon/stabilizabon has been used for in situ 
apphcabons at several hazardous waste stes This technology requires a method to rmx the 
solidificabon/stabihbon cemenbbous agents with the soil in place Convenbonal earth moving 
equipment can be used for mmng at shallow depths but greater depths requlre a more 
sophisbcated mxing method such as that presented for slurry injecbon sohdificanon 

A 4 3 5  Encapsulation 

Encapsulabon is a process involving the complete coabng or enclosure of waste parhcles 
individually (microencapsulabon) or as an agglomerated mass (macroencapsulabon) The 
process is typically performed on excavated and/or already treated or drummed wastes 
However th~s process may be applied under in situ condibons using exlsbng mjecbon groutmg 
technology or exlsbng sod m g  technology for shallow soils No reference to the successful 
use of the in situ process was found m the literature however it has been cited as hamg 
significant applicabhty and promise by Freeman (1989) 

A 4 3 6  Vitrification 

In situ vltnficabon is the process of decomposing orgamc contammants and meltmg 
wastes soils or sludges m place to bmd the waste mto a glassy solid m a m  that is very 
resistant to leaching This is accomplished by electncally melbng sod at temperatures between 
2900 and 3600 degrees Fahrenheit Organic vapors and arbome particulates from the orgame 
contarmnants and some rnorganic contammants are collected at the surface under a hood and 
drawn into an off gas treatment system Electncity is typically supplied by a utdity distnbubon 
system transmthng 12 500 or 13 800 volts The resulhng product is a monohttuc mass with a 
microcrystalline structure smilar to that of naturally occurnng obsdnn Vitnficabon is 
currently in pilot Scale development wth some apphcabons at hazardous waste sites 

The followmg factors may limit the applicability and effectiveness of the process 

The process requires homogeneity of the media 

In situ vitnficabon is only effecbve to a maximum depth of approximately 30 
feet 

Organic and morgmc off gases must be controlled 



In sztu vitnficabon is limited to operabons in the vadose zone 

Soil moisture may increase the process costs 

Bund metals in excess of 5 percent of the melt weight or conbnuous metal that 
occupies 90 percent of the distance between two electrodes wdl hinder 
performance and 

There may be msufficient sihca in the treatment volume to form the desired 
resdual mated 

Whlle zn situ vitnficabon is used pnmanly to encapsulate non volable inorganic elements 
temperatures of approximately 3OOO F (1600 C) destroy organic contaminants by pyrolysls In 
sztu vitnficabon wll result m a volume reducbon of 20-40 percent depending on the mated 
void volume A vacuum hood placed over the treated area collects off gases whch are treated 
before release The en- process may be conducted in a vacuum greatly reducing the 
possibhty of contammant release Controllmg the off gases and the high voltage used in the m 
sztu vitnficabon process presents some health and safety nsks 

The cost of zn sztu vitnficabon has been esbmated to be approximately $7W/ton 
($870/metnc ton) In sztu wtnficabon is a relahvely complex technology requmng hlghly slalled 
and tmned operators It is considered to be both capital and O&M intensive 

A 4 4  Thermal Treatment 

Thermal treatment mvolves the applicabon of thermal energy to contammted sods or 
hazardous waste by vanous means Thermal energy can be used to combust or bum 
contarmnants volathze contarmnants or trap contarmnants within a vitnfied mass Depending 
on the applicabon temperatures of the treated matenal can be msed slightly or dramabdy 
When subjected to elevated temperatures organic wastes can decompose to less toxic forms or 
can volablize and be captured Complete combusbon yields carbon dioxlde and water plus small 
amounts of carbon monoxide nitrous oxldes and chlonne and bromme acid gases Some 
thermal processes produce off gases and ash that require further treatment or landfill disposal 
Thermal treatment is most suitable for organic wastes and is less effecbve when attempbng to 
detonfy heavy metals and morganic compounds Thermal treatments may be apphed to enhance 
chemical/physid treatments such as SVE One drawback of thermal treatment is the high cost 
involved 
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A 4 4 3  Thermally Enhanced Sod Vapor Extraction 

Thermally enhanced SVE uses steam/hot au injecbon or electnc/radio frequency heahng 
to increase the mobllity of volatdes to facllltate extracbon The process includes a system for 
handling off gases Thermally enhanced SVE has been applied to contaminated soils at 
hazardous waste sites and is designed to treat halogenated and non halogenated semivolatde 
organic compounds Thermally enhanced SVE technologies are also effecbve in tnahng some 
pesbcides depending on the temperatures acheved by the system The technology may also be 
used to treat some halogenated and non halogenated volatde organic compounds and petroleum 
hydrocarbons but effecbveness may be limited 

The followng factors may hmit the applicablllty and effecbveness of the process 

Debns or other large Objects buned m the media can cause operatmg difficulhes 

Use of the technology is hmited to a slope of 5 or less 

Performance vanes depending upon the process selected because of the maxlmum 
temperature achieved and 

The soil structure at the site may be modified dependmg upon the process 
selected 

The thermally enhanced SVE processes used by each vendor are notably different and 
should be invesbgated indiwdually for more demled informahon Heahng mecharusms 
employed by vendors may include but are not hmited to radio frequency heatmg (Secbon 
A 4 4 2) and &phase heabng A &phase heahng demonstrabon project is underway at RFETS 
results wdl be avsulable under separate cover Since thermally enhanced SVE is an zn situ 
remedy and all contarmnants are under a vacuum dumg operabon the possibility of contaminant 
release is minimal 

Avadable data indicate that the overall cost for treatment usmg thermally enhanced SVE 
systems is approxlmately $50-$75/ton ($55 $82/metr1c ton) excluding treatment of off gases and 
groundwater Thermally enhanced SVE is considered to be both capital and O&M intensive 

A S  REMOVAL 

Contammated matenal may be removed and transported to treatment and/or disposal 
facdibes Excavabon is one type of removal technology and is applicable to all the 
contaminants Removal acbons are performed on contammated sods so they can be treated 
aboveground or disposed of Long term exposure pathways associated wth the contammated 
soils are therefore mmimlzed or ehminated Excavabon may create short term nsks associated 
with fugibve dust direct exposure to contammated sods and physical hazards related to 
excavabon equipment 



The following factors may limit the applicability and effechveness of the removal 
technologies 

Generabon of fugihve emissions may be a problem dunng removal operabons 

The distance between the contaminated site and the nearest treatmentldisposal 
facility may be too great 

Community acceptability may be difficult 

Depth and composibon of the media requinng excavatron must be considered 

Applicable Land Disposal Resmcbons must be considered 

Quanbty of contammated sod may be impracbcal 

Charactenstxs of contammated soil may be hmibng and 

Site-specific condibons (1 e topography locabon geology) may be hmhng 

A S 1  Excavation 

Excavabon mcludes all excamson techniques used in remowng wastes or contammated 
matenal Convenhonal techmques and equipment are used for most hazardous waste remediabon 
with modificahons to procedures or equipment to ensure the health and safety of equipment 
operators the public and the enwonment When removal of wastes requm drasbc 
modificahon to convenbonal eqwpment or procedures techmques are used These processes 
include robohc technologies excavabon utltfun emssion control enclosures excavahon usmg 
foam suppressants and other techniques to handle special situabons posed by hghly toxic 
corrosive explosive or sensibve wastes 

The following factors may limt the applicabllity and effecbveness of the process 

Groundwater table elevahon may cause problems with excavatlon 

The costs assomted wth excavabng sites contiumng radiOaCbVe reachve or 
hghly tomc waste mated may be prohbihve 

The generabon of fugibve emissions may be a problem dunng operabons 

Requirements for sensing/momtonng equipment at the dig face may be 
problematx 
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The potentd emsts to open new pathways for the unwanted nugrabon of 
contaminants and 

Excavahon may become costprohbihve at great depths or in complex 
hydrogeologic condibons 

A 5 2  Short Distance Transport 

Transpoxtabon is the physlcal removal of sod from a site after excavahon Transport 
actrons do not treat contarmnants but prowde a means of mowng contammated matenals to 
onsite or offsite treatment facdibes Short distance transport mcludes processes that move 
contammated matenal relatrvely short distances For example, short &stance transport may 
mclude transport of contammated matenal from the slte of removal to a treatment khty located 
onste or from a stagmg or stockpding area to a treatment facrlity Short distance transport 
methods mclude conveyor systems slurry pipehnes and truck hauhg methods Sods may be 
placed in drums or rolloff contamers pnor to transportahon The selecbon of a specific transport 
process must consider the distance and purpose of transport 

A 5 2 1  Conveyor System 

Conveyor systems can be used to transport contammated materials as part of a treatment 
altemabve or processmg system They quire  removal l d n g  system and potentdly 
addibonal transport methods to move contaminated matenals from one locabon to another 
Conveyor systems are readdy avadable under numerous designs to meet vanous process design 
requuements Conveyor systems are typically used to transport matenals over relatwely short 
distances as temporary or long term systems 

The followmg factors may hmt the apphcab&ty and dfectweness of the process 

The distance between the contammated site and the nearest treatment/disposal 
faclllty 

Quant~ty of the contaminated matenal 

Charactenstxs of the contammated matenal and the matenal compabbihty wth 
the transport system 

Site access and topography and 

Control and monitomg of fugitwe emissions dunng transport 
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A 5 2 2  Slurry Pipeline 

A slurry pipelme conslsts of a pipeline and pump cqtupment used to transport sod 
maknals in slurry form A slurry pipeline requires removal of sods equipment to generate 
a slurry from the sod piping and pumps to move the slurry to a treatment fachty Slurry 
pipelme systems are relabvely short (because of costs mvolved) and are used as a component 
of treatment systems e g sod washing) A slurry pipehne may be used as a temporary or 
long term transport system 

The followmg factors may hnut the applicability and effecbveness of the process 

The distance between the contaminated site and the nearest treatmentldisposal 
faclllty 

Quant~ty of the contaminated maknal 

Charactensbcs of the contaminated matenal and its compatlblllty wth the 
transport system 

Site access and topography 

Control and momtonng of fugitlve emssions dunng removal and slurry 
generabon and 

Possible problemabc separabon and treatment of water from the slurry 

A 5 2 3  Truck Haulmg 

Contaminated matenals can be transported to onsite treatment fachbes by vanous sues 
of truclung vehlcles and earthmovmg equipment Truck transport may requve contamenzabon 
of contarmnated matend dunng transport A loading process as well as momtonng or control 
of fugihve emissions may also be requlred dunng transport 

The followng factors may limt the apphcablllty and effectlvcness of the process 

The &stance between the contaminated slte and the nearest treatmentldisposal 
M t Y  

Quanbty of the contammated matenal 

Charactenstxs of the contammated matenal and its compatlbhty wth the 
transport system 

Site access and topography and 
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Control and monitonng of fugihve emisslons dunng removal and slurry 
generahon 

A 5 3  Long Distance Transport 

Transportahon is the physical removal of soil from a site after excavahon Transport 
acbons do not treat contarmnants but provide a means of momg contammated matends to 
onsite or offsite treatment fachtles Long distance transport mcludes processes that move 
contammated matenal across long distances For example long distance transport may include 
transport of contaminated mated from the site of removal to treatment or disposal facdity 
Sods may be placed in drums or rolloff contamers pnor to transportahon The selechon of a 
specific transport process must consider the Qstance and purpose of transport Long distance 
transport mcludes pnmady truck andor rad transport 

A 5 3 1  TrucWRall Hauhg 

Contammated mateds can be transported by truck or m l  systems Vmous sizes of 
truclang vehicles and earthmomg equipment may be used to transport contammated mateds 
to onsite or offslte treatment facilihes In place or constructed rad systems may also be used 
Truck or rad transport may require contanenzahon of contaminated mated dunng transport 
A loadmg process as well as monitonng or control of fugitive emissions may also be requlred 
dunng transport 

The following factors may limt the applicablllty and effecbveness of the process 

The distance between the contaminated site and the nearest treatment/disposal 
faclllty 

Quanbty of the contaminated matend 

Charactenstlcs of the contaminated matenal and its compabbihty with the 
transport system 

Site access and topography 

Control and momtonng of fugibve emissions dunng removal and slurry 
gcnerabon 

Apphcable U S Department of Transportabon (DOT) regulabons and 

Community acceptance 
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A 5 4  Offsite StoragelDisposaI 

Storage of hazardous waste is not a true treatment that reduces toxlcity volume or 
mobility of a waste However storage occurs pnor to treatment and after removal of a waste 
Disposal is a broad term to descnbe treatment of a waste Landfilling has been the most 
commonly pracbced method of Qsposmg of municipal industnal and hazardous wastes The 
pnmary advantage of landfillmg is its simplicity compared to other technologies and the abdity 
of landfills to handle large volumes of waste A hazardous waste landfill contams and isolates 
hazardous wastes that are not currently recoverable to ensure present and long term 
enwonmental protecbon To accomphsh these ~bjecbves the landfill must be planned 
designed constructed operated and mamtamed m accordance wth federal state and l d  
regulabons (Freeman 1988) 

Offsite permanent disposal opbons include the use of a landfill or other treatment 
storage and disposal (TSD) fxihty Offsite storage and Qsposal require transport of potentdly 
radioacbve wastes over pubhc roads or droads A pemtted commercial TSD faclllty must also 
accept responsibdity for the waste 
A 5 4 1  LandfWTSD Facllity 

Disposal of hazardous matenals at a commercd TSD landfill fachty is becommg 
increasingly difficult because of restnchons on landmng certaxn chemcals restncbons on 
transportabon of hazardous wastes (parhcularly across state lines) and the hgh costs charged 
by commercml disposal fxhtxs to accept wastes 

The following factors may hmt the applicability and effechveness of the process 

The distance between the contammated slte and the nearest disposal faclllty 

Comphance with all federal state and local regulaQons mcluding but not 
necessarily hmted to DOT and RCRA regulabons 

Quanhty of the contammated matenal 

Charactensbcs of the contammated matenal and 

Commuruty acceptability 

A S S  Onsite Storage/Disposal 

Storage of hazardous waste is not a true treatment that reduces toxiaty volume or 
mobihty of a waste However storage occurs pnor to treatment and after removal of a waste 
Disposal is a broad term to descnbe treatment of a waste Landfills have been the most 
commonly PraChced method of Qsposing of municipal mdustnal and hazardous wastes The 
pnmary advantage of landfillmg is its simplicity compared to other technologies and the ablllty 



of landfills to handle large volumes of waste A hazardous waste landfd contams and isolates 
hazardous wastes that are not currently recoverable to ensure present and long term 
environmental protecbon To accomplish these obje~bve~ the landfill must be planned 
designed constructed operated and mantamed in accordance wth federal state and local 
regulabons (Freeman 1988) 

Onsite disposal may be long term or short term and is dependent on storage and disposal 
permit requmments Disposal vaults and contamer storage may be the most pracbcal onsite 
storage processes Contamer storage is not a permanent treatment but may be used to sage 
wastes for onsite treatment or pnor to transport after removal A disposal vault may also be a 
viable storage opbon dependmg on charactensbcs of the waste 

A 5 5 1  Disposal Vault 

Disposal vaults are deslgned as retnevable momtored contsunment structures for 
temporary storage of hazardous or mixed wastes Disposal vaults can be aboveground or 
underground using aboveground landfill design technology or underground entombment 
structures Concrete vaults wth covers may be considered for underground entombment 
structures Waste can be retneved more easily when recovery destrucbon or detoxlficabon 
proves to be technically or economcally feasible 

A 5 5 2  Contamer Storage 

Hazardous matenals can be held III drums or specifically designed contamers unhl cost 
effechve treatment or disposal is cam& out Drums are cyllndncal shippurg contatners for 
sohds and liquids they have a storage capacity of 12 to 110 gallons A drum for storage of 
hazardous waste matenal must achieve mimmum DOT standards Drums can be metal 
fiberboard or plasbc dependmg upon compahbility and structural requirements Contamers can 
also include structural holders of matenal (e g roll-off contamers and dumpsters) 

A 5 5 3  Pernutted LanWi 

The bme associated wth construcbon and operabon of an onsite landfill is much shorter 
than for many treatment opbons Landfills are classified based on thew cover and h e r  systems 
and the types of wastes that may be disposed of m them Dependmg on the concentrabons and 
leachability of contammants contaminated soil and sediments could be placed m either an onsite 
hazardous waste landfill that is constructed amrdmg to the RCRA technology reqmrements or 
in an onsite mdustnaymunicipal type landfill 

A typical hazardous waste landfill is constructed wth a lower her system consistmg of 
at least one synthebc and one low permeabihty clay hner and a leachate collecbon and leak 
detecbon system A network of momtonng wells is also placed around the penmeter of the 
landfill The cover system consists of one or two synthehc or clay hers a gasallecbon 



system and an infiltration-dmage system In some instances a leakdetecbon system is also 
included in the cover system 

Industnal landfills are designed and operated similarly to RCRA hazardous waste 
landfills however industnal landfills accept only non RCRA hazardous wastes Liquids 
reactive wastes and other hghly toxic wastes are also banned fiom industnal landfills 
Municipal landfills are more simply constructed and therefore are suitable to receive only 
nonhazardous wastes These landfills generally receive all wastes associated with municipalibes 
specifically excluding hazardous agncultural and minmg wastes 

The followmg factors may hmit the apphcability and effecbveness of the process 

Quanbty of the contammated matenal 

Charactensbcs of the contaminated matenal 

Compbance wth all federal state and local regulabons including but not 
necessarily hmited to DOT and RCRA regulations 

Site hydrogeologic geologic and weather condibons affecbng the locabon 
design construcbon operabon and mantenance of the landfill and 

Community acceptabhty 

A 6  EX SITU TREATMENT 

Ex situ treatment reqwes excavabon or removal of the contaminated soil or sediment 
pnor to treatment Dlrect treatment technologies include a wide range of processes that can 
reduce the toxlcity moblllty or volume of inorganic and organic contammants m soil The 
direct treatment technologies are discussed and grouped by biological physidchermcal and 
thermal proasses 

A 6 1  ChemxaYPhysical Treatment 

Physical treatment is a process in which the hazardous consbtuent is separated Erom its 
m e r  by vanous physical methods such as adsorpbon distdlatlon and fdtrabon Physical 
treatment is apphcable to a wde vanety of wastes but further treatment is usually requmd 
For this reason physical treatment is often discussed along with chemcal treatment 

Chemical treatment IS a process m which the hazardous consbtuent is altered by a 
chemical reacbon that reduces or ehmmates the tomcity of the contamrnant Wastes that can be 
treated by this method include both organic and inorgamc compounds Drawbacks to h s  
method are that impunbes in the waste may inhibit the treatment process rcacbon and hazardous 



byproducts may be generated The major direct physcal/chemical treatment technologies 
include dehalogenahon reduchon/oxidabon sod vapor extrachon sod washing and solvent 
extrachon 

A 6 1 1  Chemical Reduction/Oxidation (Red/Ox) 

Reduchon/oxidahon chemically converts hazardous contammants to non hazardous or less 
toxic compounds that are more stable less mobde and/or inert The reducmg/oxldlzing agents 
most commonly used for treatment of hazardous contaminants are ozone hydrogen peroxide 
hypochlontes chlonne and chlome dioxlde These reagents may be used in combinahon or 
wth ultrawolet hght to improve reduCbOn/OxldahOn effectweness Chemical reduchon/oxldabon 
has been applied at both mdustnat and hazardous waste sites 

The followng factors may limit the appllcablllty and effechveness of the process 

Incomplete oxldabon or fonnahon of mtermediate contammants may occur 
depending upon the contammants and oxidinng agents used 

The process may not be cost-effecbve for hgh contarmnant concentrahons due to 
the large amounts of oxldizmg agent required and 

Chl and grease in the media should be mnimized to opbrmze process efficiency 

The target contammant group for chemical reducbon/oxldabon is inorganics The 
technology can be used but may be less effechve agamst non halogenated volatde and 
semwolahle orgmc compounds petroleum hydrocarbons and pcshcides &CaVahOn assmated 
with chemical reducbon/oxidabon poses a potenhd health and safety nsk to site workers through 
slan contact and a r  emissions Personal protectwe equipment at a level commensurate wth 
the contammants mvolved is normally required dunng excavahon opefahons 

The overall cost for this technology should be in the range of $100-$300/ton Chemical 
reduchon/oxidabon is not consrdered to be either capital or O&M mtensive 

A 6 1 2  Sod washii 

Contarmnants sorbed onto soil parhcles are separated from soil in an aqueous based 
system Th~s often requires prelimnary applicahon of a physical separabon process pnor to soil 
washmg Orgaxucs amenable to water washing can be idenbfied according to then seawater 
parhhon coefficient or esbmated usmg thar OctanoVwater parhhon coefficient The wash water 
may be combined with a basic leaching agent surfactant acid or base for pH adjustment or 
chelabng agent to help remove organ~cs or heavy metals The solubon is treated to remove the 
contamrnants after the sod parhcles have been removed by pmipitahon or dewatenng 
Recovery and reuse of the reagents used in this process may be difficult Sod washmg has been 
successfully implemented to treat soils from both industnal and hazardous waste sites 
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The following factors may limit the applicability and effccbveness of the process 

Fine soil parhcles (nlts clays) are difficult to remove from washmg solubons 

Complex waste murtures (e g metals wth organics) make formulahng washing 
solubons difficult and 

f i g h  humic content m sod idubits desorpbon 

The target contamlnant groups for sod washmg are halogenated and non halogenated 
semvolatde orgmc compounds petroleum hydrocarbons and inorgmcs The technology can 
be used on all contarmnant groups but may be less effecbve on halogenated and non halogenated 
volat.de orgamc compounds and pcstmdes The technology offers the potenbal for recovery of 
metals and can clean a wde range of orgatllc and morgmc contarmnants from coarse g m e d  
sods Excavabon assocnted wth sod washing poses a potenhd health and safety nsk to site 
workers through slan contact and a u  emissions Personal prokbve eqwpment at a level 
commensurate with the conmnants involved is normally required dunng excavabon 
operabons 

Average cost for use of ttus technology including excavabon is appmumately $120- 
$200 per ton ($132 $220/metnc ton) and is dependent on the type of contarmnabon and 
concentrabons Sod washmg is considered to be both capital and O&M intensive 

A 6 1 3  Solvent Extraction 

Waste and solvent are med m an extractor dissolving the organic contarmnants mto the 
solvent The extracted organics and solvent are then placed in a separator where the 
contammants and solvent are separated for treatment and further use (McCoy 1989) The 
process can be operated contmuously Solvent extracbon has been appiied at both mdustnal and 
hazardous waste sites and is being tested at RFETS to determine its effmbveness m remowng 
radionuchdes 

The followmg factors may hmt the applicability and effecttveness of the process 

Organically bound metals can be extracted along wth target orgmc pollutants 

The presence of detergents and emulnfiers can influence the extrachon 
PerfOnanCe 

Traces of solvent may remam in the treated solids 

The toxicity of the solvent is an important considerahon 



Solvent extrachon is generally least effcchve on very high molecular weight 
organic and very hydrophilic substances and 

Some soil types and moisture content levels will adversely impact process 
performane 

The target contaminant groups for solvent extraction are halogenated and non halogenated 
semivolatile organic compounds and pesticides The technology can be used to treat halogenated 
and non halogenated volahle organic compounds and petroleum hydrocarbons but it may not 
be as effechve or apphcable to all of these compounds Excavahon associated with solvent 
extraction poses a potent& health and safety nsk to ate workers through slan contact and axr 
emissions Personal protectwe equpment at a level commensurate wth the contaminants 
involved is normally r e q u d  dunng excavabon operahons 

The overall cost for this technology is expected to be greater than $300/ton Solvent 
extrachon is considered to be both capital and O&M mtensive 

A 6 1 4  EIectrokinetics 

Electrolanehcs is used to decontaminate soils by applymg an electnc field to fachtate the 
transport of liquids through sods See Section A 4 2 4 The process is apphed to zn situ sod 
however the process can also be apphed to an excavated or stockpiled quanhty of sod 

A 6 1 5  Physical Separation 

Physical separation of a contaminated soil is the process of separahon by whch 
components of the sod are removed from each other using grawty cmular accelerabon filters 
or sieves and vibrahon without the applicabon of chermcals or treatment of the contammated 
Sods 

A 6 1 6  Magnetic Separation 

Magnehc separahon uses the magnehc properha of metal contaminants to remove them 
from contaminated sods mgh gradient magnehc separahon rehes on a strongly magnetlc 
seeding agent such as magnehte to capture paramagnehc mateds such as omdes of mn 
manganese copper chrormum cobalt and mckel In the process pmipitabon products 
suspended sohds and the magnetm form a coagulum that is later removed 

A 6 1 7  Dehalogenation 

Dehalogenation is the treatment process to remove unwanted halogens (e g F Cl Br 
I) from compounds to make them less tonc or to hchtate further treatment Two major 
examples of dehalogenahon d u d e  base-catalyzed decomposition and glycolate 
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A61 71 Base-Catalyzed Decompasition Basecatalyzed decomposibon (BCD) is a 
dehalogenaboddechlonnabon process that stnps off chlonde ln the PCB molecule and forms 
sodium chlonde and biphenyls Contarmnated sod is screened processed wth a crusher and pug 
mdl and mured with sodium bicarbonate The mutture is heated to 630 F (333 C) ~fl a rotary 
reactor to decompose and parhally volat~lize the contarmnants DeMogenatIon (BCD) is  a full 
scale technology but has had very hmted use 

The following factors may limit the apphcabdity and effecbveness of the process 

If the influent matnx lncludes heavy metals and certarn non halogenated volables 
they wdl not be destroyed by the process and 

&gh clay and moisture content wdl lncrease treatment costs 

Halogemated semvohble organic compounds and pesbcides are the target contammant 
groups for dehalogenabon (BCD) The technology can be used to treat halogenated volatde 
orgamc compounds but may be less effkcbve and apphcable to only some compounds w h  
this group The dehalogenabon (BCD) process was developed by EPA s ksk  Reducbon 
Engmeenng Laboratory (RREL) in mperabon wth the Naval Civll Engmeenng Laboratory 
(NCEL) as a clean mexpenslve way to remediate sods and sediments contanunated wth 
chlormated orgamc compounds especdly PCBs The excavabon assoclsLted with BCD poses 
a potenbal health and safety nsk to slte workers through skur contact and au emsslons 
Personal protecbve equipment at a level commensurate wth the contarmnants mvolved is 
normally requmd dunng excavabon operabons 

Cost of th~s process is esbmated at $256 per ton Inadequate urformabon exlsts as to 
whether this technology is capital or O&M intensive 

A 6 17 2 An allcabne polyethylene glycolate (APEG) reagent is used to 
dehalogenate halogenated aromabc compounds in a batch reactor Potassium polyethylene 
glycolate P E G )  is the most common APEG reagent Contaminated soils and the reagent are 
mixed and heated in a treatment vessel In the APEG process the reacbon causes the 
polyethylene glycol to replace halogen molecules and render the compound non hazardous For 
example the reachon between chlonnated organics and KPEG causes replacement of a chlome 
molecule and results in a reductlon ln toncity Dehalogenabon (glycolate) is a full scale 
technology 

Glycolate 

The followmg factors may limit the apphcabihty and effecbveness of the process 

The technology is generally not cost-effecbve for large waste volumes Medn 
water content above 20 percent requtres excessive reagent volume 

Concentrabons of chlonnated orgmcs greater than 5 percent requm large 
volumes of reagent and 



The resultant soil has poor physical charactensbcs 

Halogenated semvolable organic compounds and pesbcides are the target contaminant 
groups for glycolate dehalogenabon The technology can be used but may be less effecbve 
agzunst selected halogenated volatde orgmc compounds APEG dehalogenabon is one of the 
few processes avallable that has been successfully field tested m treatmg PCBs The technology 
is amenable to small scale apphcabons Excavabon assocmted wth dehalogenabon 
(APEG/KPEG) poses a potential health and safety nsk to site workers through slan contact and 
zur emissions Personal protectwe equipment at a level commensurate with the contaminants 
involved is normally requmd dunng excavahon operabons 

The overall costs for the process are greater than $3oO/ton Dehalogenabon (glycolate) 
is considered to be both capital and O&M mtensive 

A 6 1 8  Sod Vapor Extraction 

Sod vapor extracbon (SVE) applies a vacuum to a network of aboveground piping placed 
in the excavated media to encourage volablizahon of orgmcs The process includes a system 
for handhg off gases The process is very similar to zn situ SVE and may be enhanced by the 
addibon of thermal energy Soil vapor extracbon has been successfully apphed to sods 
contauung hazardous compounds 

The followmg factors may hrmt the applicabdity and effecbveness of the process 

figh humc content of soil inhibits volabhzabon and 

The technology is mcompabble wth cemn sod types 

The target contaminant groups for SVE are halogenated and non halogenated vo1at.de 
organic compounds An advantage of the technology over its zn sztu counterpart is the increased 
number of passageways formed ma the excavabon process Excavabon associated with SVE 
poses a potentml health and safety nsk to site workers through slan contact and zur emisaons 
Personal protectwe eqwpment at a level commensurate with the contarmnants mvolved is 
normally required dunng excavabon operations 

The overall cost for SVE is under $loO/ton ($llO/metnc ton) includmg the cost of 
SVE is not considered to be either capital excavabon but excludmg treatment of off gases 

or O&M mtenslve 

A 4 2  Biological 

Biological treatment processes use naturally occurnng micro-orgamsms such as bactena 
fungi or yeast to degrade harmful chemicals mto less tomc or nontoxlc compounds Wcro- 
organisms hke all hving organrsms need nutnents (such as mtrogen phosphate, and trace 



metals) carbon and energy to sumve Mcro-orgarusms break down a wide vanety of orgmc 
(carbon-contaulmg) compounds found m  tu^ to &tam energy for then growth Biological 
processes can use natural process to promote the growth of mcro-orgmsms that can degrade 
contarmnants and convert them to less toric or nontoxic byproducts 

A 6 2 1  Biological Leaching 

Biological leadung is a process mtended to solubke plutomum from sods Sods have 
been subjected to bench Scale tratablllty studies The process uses thlobaclllus amendments to 
assist wth plutomum solubhzation Adable data have mdicated removal of amencium and 
plutomum from sods of up to 88 percent Test results mdicate that mce the sods were not 
stcnlned natave mcrobes may have competed unth the proprietary mcrobcs and a greater 
percentage of radionuchde removal may be posslble 

A 6 3  SoliddiitiodStabilization 

Soh&ficataon/stabhtaon has been implemented at mdwtnal and hazardous waste sltes 
Contamtnants are physlcally bound or enclosed wthm a stabdlzed mass (soluhfication) and/or 
chemcal reactaons are mduced between the stabhmg agent and contammants to reduce thev 
moblllty 

The followmg factors may hmt the apphcablllty and effitIveness of the process 

Enwonmental conditaons may affwt the long term immobduataon of 
contamtnants 

Some processes can result m up to double the o n g d  volume 

Certam wastes are mcompabble wth soh&ficabon/stabhataon processes and 

Treatabdity studres may be requued 

The target contarnurant group for sohdificatIon/stabihabon is morgan~cs The 
technology has hmted effcctIveness agamst halogenated and non-halogenated semvolatde 
orgmc compounds and pesbmdes However processes desrgned to bc more effectave agaurst 
orgmc contammnts are bemg developed and tested Soh&ficataon/stabhzatm is relat~vely 
simple uses middy avadable equpment and has lugh throughput rates compared to other 
technologm Excavahon assmated wth soh&ficzmon/stabhtion poses a potenhal health and 
safety nsk to ate workers through slan contact and sut emssions Personal protective 
equipment at a level commensurate wth the contammnts mvolvcd is normally r c q d  dunng 
excavauon operataons 

Data from more than a dozen vendors mdicate an approx~mate cost of under $loO/ton 
($1 lO/metnc ton) mcludmg excavahon Sohdificahon/stabtkahon IS consldered capital 



intenslve Solidificabon/stabhbon technologus include pozzolanic based agent solidificahon 
cement based solidificabon and propnetary agent based solidificabon 

A 4 3 1  Stabkation 

Stabhzabon refers to a process by which a waste is converted to a more chemcally 
stable form The term may mclude solidificahon and the use of a chemcal reacbon to transform 
the toxic component to a new nontomc compound Biological processes however are not 
considered Stabilabon or sohdificabon is often accomplished umg propnetary agents to 
react wth or bmd wastes under QX szc condihons 

Most propnetary processes are protected from unauthonzed use by patent or q y n g h t  
laws Several propnetary agent processes are very sm&r and therefore extensive bench scale 
Whng is adwsable Acceptable results from teshng of more than one process can acheve cost 
savmgs through compebhve pnmg 

A 4 3 2  Encapsulation 

Encapsulabon is a process mvolvmg the complete coatlng or enclosure of waste parhcles 
mdmdually (microencapsulahon) or as an agglomerated mass (macroencapsulabon) The 
process is typically performed on excavated and/or already treated or drummed wastes Orgamc 
binders include orgamc substances such as epoxys polyesters asphalt polyethylene and wea 
formaldehyde Organic bmders have been used in conjuncbon wth morgamc binders used m 
cemenbbous stabhzabon The encapsulabon process is performed simdarly to the cemcnbbous 
stabdabon process 

Thts process is applicable to all types of toxlc contarmnants mcluding mbonuchdes 
depending on the bmder s compabbhty wth the waste Worked performed at RFETS 
(Faucette et al 1992) (Faucette 1993) demonstrate that polyethyleneencapsulated radioacbve 
waste form WIU remn chemcally and mechanically stable under any conceivable transportabon 
and storage envmnment In addihon macroencapsdabon is the RCRA Method of Treatment 
for radioacbve lead metal Ovemuxmg or underrmxmg has been idenbfid as a potenbal 
problem and treatabhty studies are requlred to ensure the matenal s compabbhty 

A 4 3 3  Cementation 

Cementbased sohdificabon is a speclalrzed form of pozzolanic sohdificabod 
stabhbon The type of cement used for sohdificabodstabdmbon can be selected to 
emphasne a parhcular cemenhng reacbon (EPA 1986) Pozzolans are frequently added to 
cement to react wth any free calcium hydroxlde and thus improve the strength and chemd 
resistance of the final product Although much of the pozzolan m waste processing may be 
inacbvated by the waste any reacbon that does occur between the cement and free sihca from 
the pozzolan adds to the product strength and durability 



Cementlfly ash processes typically require the use of sorbents or other addibves to 
stabllize and therefore decrease the loss of specific hazardous mamals from the porous solid 
products Such adaptatlons of the technology are also often neceSSacy because some mateds 
mhlbit the bmdmg acbon rn cement Tius process is used extenslvely for contammated soil 
treatment 

Pozzolatllc based solidificabon utihzes matenals that set into a sohd mass when m e d  
with hydrated lime Pozzolaruc matenals include hydrated sdicic aad  diatomaceous earth blast 
furnace slag ground bnck and some fly ashes Sohdificabonhbllmbon of wastes usmg hme 
and pozzolanrc matenals requms rmxlng the wastes to a pasty consistency wth a carefully 
selected pozzolan Hydrated hme (calaum hydromde) is then blended into the waste pozzolan 
mture The resdtmg moist mated is packed mto a mold to cure is backfilled or is placed 
m a landfill and compacted 

Impunhes such as orgarucs sdt and soluble salts may delay cunng and setup of the 
mam and may reduce strength and durabhty In addibon addihves mcrease the weight and 
bulk of the matm The technology and management of cement mmng and handlmg are well 
known as is the chemstry of hme reacbons However bench and pdot scale testing are 
usually warranted Pozzohc based sohdificabon is wdely used for treatment of contarnurated 
WllS 

A 6 3 4  Vitrification 

Contammated sods and sludges are melted at hgh temperature to form a glass and 
crystallme structure wth very low leachmg charactensbcs Non volatde morgmc elements are 
encapsulated m a vitreous slag whlle organic contarmnants are destroyed by pyrolysis 

The followng factors may hmit the applicabdity and effixbveness of the process 

Organic and inorganic off gases need to be controlled 

Use or disposal of the resultant vitnfied slag is requd and 

Accessibihty to a sufficient power supply is needed 

Vitnficabon is apphcable to the full range of contaminant groups but ~llorgmcs are the 
target contarmnant group Metals are encapsulated m the wtnfied mass reslstmg leachmg for 
geologic bme ptnods Excavahon assoclated with wtnficabon poses a potentd health and 
safety nsk to slte workers through slan contact and au emissions Personal protecbve 
equipment at a level commensurate wth the contarmnants mvolved is normally requmd dumg 
excavabon operahons The hlgh energy requved for wtnficabon process may consbtute a health 
and safety concern 
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Approximate overall cost is $700/ton ($770/metnc ton) Vitnficabon is a rclabvely 
Vitnficabon is complex technology that req- excessive energy and med personnel 

considered to be both capital and O&M intensive 

A 6 4  Thermal Treatments 

This treatment process mvolves decomposibon of hazardous compounds by thermal means 
into less hazardous or non hazardous components Thermal energy can be used to combust or 
bum contamulants or volathe contarmnants When subjected to hgh temperatures orgatllc 
compounds decompose to simlar less toxx forms Complete combushon yields carbon dioxlde 
and water plus small amounts of carbon monoxlde mtrous oxides and chlonne and bromme 
acid gases Some thermal processes produce! off gases and ash that requm further treatment or 
landfill disposal Thermal treatment is most suitable for organic wastes and is less effccbve 
when attemptmg to d e t o w  heavy metals and morgamc compounds One drawback of thermal 
treatment is the high cost mvolved The major types of direct thermal treatment technologies 
mclude incinerahon desorpbon thermal distdlahon and pyrolysis 

A 6 4 1  Incineration 

High temperatures 1600 2200 F (871 1204 C) are used to volahh and combust (in 
the presence of oxygen) organic consbtuents m hazardous wastes Seven common mcmerator 
designs are fluidized bed infrared rotary hearth rotary laln slaggmg fixed hearth and 
circulahng bed The destrucbon and removal efficiency @RE) for properly operated 
mcinerators often exceeds the 9999 percent requmment for hazardous was& and can be 
operated to meet the 99 9999 percent requmment for PCBs and dioxms All seven mcmerator 
types have been implemented successfully to treat both mdustnal and hazardous wastes 

The followng factors may hmt the apphcabdity and effccbveness of the process 

There are specific feed slze and matenals handlxng requirements that can impact 
apphcablllty or cost at specific sites 

The presence of volatde metals and salts may affect performance or mcmerator 
hfe 

Volable metals mcluding lead and arsenic leave the combusbon unit with the 
flue gases or M bottom ash and may have to be removed pnor to incinerabon 

Metals can react wth other elements in the feed stream such as chlonne or 
sulfur forming more volable and toxic compounds than the o n g d  species and 

Sodium and potasslum can attack the bnck lining and form a sbcky parbculate 
that fouls heat transfer surfaces 
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The target contammant groups for incinerabon are all halogenated and non halogenated 
semivolatde organic compounds and pesbcides The technology also may be used to treat 
halogenated and non halogenated volable organics and fuels but may be less effecbve 
Excavatlon associated with mcmerabon poses a potenbal health and safety nsk to site workers 

wth the contamrnants involved is normally required dunng excavabon operabons If an offsite 
incinerator is used the potentlal nsk of transpomng the hazardous waste through the community 
must be considered 

through slun contact and au emisslons Personal protecbve equipment at a level commensurate i 

Incinerabon costs are highly dependent upon the size of the contarmnated site and the 
type of mcmerator technology used The cost to mcmerate appro~~mately 20 OOO tons (18 200 
metnc tons) of contammated medm would be greater than $300/ton ($330/metnc ton) 

The capital expenditure associated wth incmerators is rclabvely hgh Matenals 
handhg control of bed temperatures and residence bmes and system mamtenance make the 
technology O&M mtensive as well 

A 6 4 1 1 Fluidmd Bed The fluidized bed incinerator consists of a refractory h e d  vessel 
contaming a bed of mert granular sand hke matenal Sohds sludges and hquids can be 
injected d m t l y  mto the bed or at its surface If contammated solid is bemg processed the sod 
mass acts as the bed matenal and it must be crushed to a sized less than 1 mch m h e t e r  In 
operabon combusQon sL1r is forced upward through the bed whch fluidizes the matenal at a 
minimum c n b d  velocity The heatmg value of the wastes plus added fuel matntatns the 
d e s d  combusbon temperature m the vessel The heat of combusbon is transferred back mto 
the bed and the agitated mlxture of waste fuel and hot bed matenal rn the presence of 
fluidmng atr provides a turbulent combusbon enwronment 

The use of a large volume of heated bed matenal resists short term fluctuabons m 
temperature and retenbon bme due to changes m moisture ash or Bnbsh Thermal Uxut @TU) 
content of the waste Fluidmd bed incinerators can be operated at lower temperatures than 
other mcinerators because of the high mmg energies atding the combusbon process Th~s 
mlxing offers the highest thermal efficiency while minimmng auxhry fuel rcqumments and 
volable metal emssions The maxlmum operatmg temperature is hmited by the fusion 
temperature of the sand flmdizlng matenals 

A 6 4 1 2 Infrared hrnace Infrared thermal units use silicon carbide elements to generate 
thermal radiabon beyond the red end of the wsible spectrum MatenaIs to be treated pass 
through the combusbon chamber on a belt and are exposed to the radiant heat Waste matenal 
should be less than 2 mches m diameter for opbmal efficiency In the combusbon chamber 
wastes can be either mcinerated or pyrolyzed at 1400°F or 800 C Off gases flow to a gas frred 
secondary combusbon chamber that prowdes complete destructron Flue gas treatment is 
accomplished by any convenbonal off gas cleanup system 



Soils contaminated with PCBs dioxm and a vanety of other wastes have been treated 
at pilot or full scale facihbes uslng inf’rared electnc furnaces The current aviillabihty of this 
technology IS uncemn 

A 6 4 1 3 Molten Salt Incineration A molten salt incinerator consists of a metal 
contamment vessel contammg sodium carbonate salts The extenor of the contamment vessel 
is heated with a gas burner or other suitable heat source to establish a molten salt bath at 1600 
to 1800 F Liquid or sohd waste along wth combushon iilr are mje~ted mto the salt bath 
through a downcomer The au waste and combusbon products bubble through the molten salt 
and are decomposed Exhaust gases react wth the salt eliminabng the need for a downstream 
scrubbmg system and mert gases are released through a port in the top of the vessel 

Inorgmc reacbon products build up m the melt and must be removed Th~s process is 
not suitable for hgh ash content waste such as sods because the fluid~ty of the melt wlll be 
adversely affected when ash content reaches 20 percent by waght Melt is withdrawn from the 
melt overflow after which it IS allowed to solidify before final disposal Molten salt 
mcmerators are not commercially aviillable for hazardous waste apphcahons although pilot scale 
units (as large as 200 pounds per hour) have been developed for coal gasficatlon research 
(RMA 1992) 

A 6 4 1 4 Solar incmerabon uses an array of focused hehostats to 
concentrate the radmt energy from the sun mto a reactor contammg the matenal bemg 
processed The very high temperatures produced result m lugh destrucbon and removal 
efficiencies Removal efficiencies as high as 99 999 percent have been acheved The process 
is considered movahve and the requued equipment is  not readily avsulable The amount and 
mtensity of sunshme affect the implementabllity of this process 

Solar Incineration 

A 6 4 1 5 Rotary Hearth or Multiple Hearth A rotary hearth inanerator consists of a 
verhcal refractory hed  steel shell a rotabng central shaft a sene of solid flat hearths a senes 
of rabble arms wth teeth for each hearth an iuf blower waste feed and ash removal systems 
and fuel burners mounted on the walls The waste falls from the top hearth to subsequent 
hearths unbl it reaches the bottom hearth where it is discharges as ash Rotary hearths can also 
be equipped with an afterburner hquid waste burners and side ports for tar mjecbon The 
temperature UI the burning zone ranges from 1400 to 1900°F and rcsldence tlmes may be long 
compared to other mcmerators 

This mcmerator is best suited for hazardous sludge destrucbon Sohd waste often 
requlres pretreatment such as shreddmg and sorhng This process can treat the same wastes as 
a rotary laln provided that the sohd waste is pretreated The pnncipal advantages of rotary 
hearth incinerabon mclude hgh residence bme for sludge and low volathty matcnals and hgh 
fuel efficiency and ablllty to handle a vanety of sludges abdity to evaporate large amounts of 
water and the abllity to use a vanety of fuels 
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A 6 4 1 6 Microwave Melting Microwave melbng mcludes the transnusslon of high 
energy microwaves into contaminated matenal The microwaves are absorbed by the 
contanmated matenal to produce a non leachable wtnfied mass This process is considered 
innovahve and is sbll in the development stage Off gas treatment and conkunment are requlred 
for th~s process This process is considered bme and energy intensive Homogeneous wastes 
with a high sd~ca content produce the most favorable final results Non uniform meltmg can 
result leaving portrons of the waste untreated 

A 6 4 1 7 Rotary Kiln Rotary laln mcmerators are slightly mched refractory hed 
cylinders Rotary laln incmerabon mvolves the controlled combusbon of orgamc wastes under 
omdmng condibons Contammated sods are typically fed either conhnuously or on a batch bass 
(usmg a waste storage hopper) mto the hgh end of the laln and passed through the combusbon 
zone as the laln rotates A u x h r y  fuel is added either to the high end (co-fired) or low end 
(counterfired) of the laln An ennched oxygen supply system is often included to enhance 
incmerabon Rotabon of the combusbon chamber creates turbulence and improves the degree 
of burnout of the solids and wastes are substanttally oxidized to gases and mert ash wthm thrs 
zone Retenbon bme can vary from several minutes to an hour or more and is controlled by 
feed rate inchahon and speed of rotabon Ash and slag are collected m an ash bm located 
at the rear of the laln Parhal volathataon of some morganics occurs m the pnmary chamber 

Off gas is directed to a secondary combusbon afterburner that is a refractory hcd 
chamber Sufficient residence bme and combusbon temperature m the afterburner prowde for 
the complete destrucbon of any unburned organics in the combustmn gases lcawng the laln 
TypicaI temperatures requlred for nearly complete destrucbon of a wde range of hazardous 
wastes range from 1800 to 2250 F in the afterburner A liqwd scrubber is used to quench 
effluent gases remove parhculates including volatile inorgatllc contarmnants and n e u t r a h  any 
acids that may be produced Scrubber effluent that is not recycled generally r e q u m  
neutralizabon clanficabon or other wastewater treatment pnor to discharge 

Although organic solids combusbon is the pnmary use of rotary laln manerators liquid 
and gaseous orgmc wastes can also be handled by injecbon into either the feed end of the laln 
or the secondary combusbon chamber Rotary lalns are currently most commonly used for 
hazardous solid waste inanerators There are many vendors of transportable umts rangmg m 
sue from 1 to 60 tons per hour throughput (Johnson, 1993) Wastes conkuxung high quanbbes 
of causbc can result m excess slag formabon whch can budd up and hamper laln performance 

A 6 4 1 8 Oxygen e n h a n d  mcinerabon is a thermal 
destrucbon process usmg an mtegrated combusbon system that uses a new techruque for mmng 
auxihary fuel, oxygen, and an Specific removal efficiencies are unknown l h s  mcinerabon 
acheves a reduction m the tonaty and volume of the waste stream and has the abrllty to 
mcinerate double the waste throughput posslble with ConVenhOnd incmeratm wthout an 
increase m carbon monoxlde level emissions Requvcd equipment is c o m m e d y  avadable 

Oxygen Enhanced Incineration 
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The followmg factors may affect the applicability and effectaveness of the process 

Most effectwe for wastes with low heatmg values and 

Permitong and public acceptance may be difficult 

A 6 4 1 9 Liquid mjecbon mcmerabon includes atormzlng nozzles 
injectmg contammated fluid mto a refractory hned combusbon chamber Liquid injechon can 
achleve destnrcbon efficiencies greater than 99 percent reducing the toxicity and volume of 
waste Liquid mjechon equipment is commercially avadable however no units are currently 
m operauon 

Liquid Injection 

The followmg factors may hmit the apphcabhty and effectwenem of the process 

Produces off gas whch requires treatment 

Supplemental fuel would be required 

Energy mtensive and 

Pemmng and pubhc acceptance may be difficult 

A 6.4 1 10 This process uses a reactor conslstmg of a 
porous carbon core surrounded by carbon electrodes that heat the core to 4000 to 5000 O F  

Wastes pass through the core by gravity flow and are quickly Urcinerated A mtrogen gas 
blanket (or fluid wall) prevents the waste from contactmg the core walls Tfus process can 
achieve a removal efficiency of 84 9 percent and above Commercd high temperature fluid 
wall units are avsulable but are untested 

High Temperature Fluid Wall 

The followmg factors may limit the apphcabllity and effcctweness of the process 

Off gas from the process requires treatment 

This process is considered innovatwe 

mgh operabon and mamtenance costs may be incurred dunng for th~s process 

A 6 4 2  L o w  Temperature Thermal Desorption 

Thermal desorpbon is a physical separabon process that is not designed to destroy 
orgmcs but to volatdne (desorb) them from the waste Typically a m e r  gas or vacuum 
system transports volathzcd water and organics to a gas treatment system For low temperature 
thermal desorpbon wastes are heated from 200 600°F (93" 315°C) to volatke water and 
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organic contaminants A m e r  gas or vacuum system transports volahlized water and organics 
to the gas treatment system Low temperature thermal desorpbon systems are physical 
separabon processes and are not designed to destroy organics The bed temperatures and 
residence bmes designed mto these systems will volablize selected contaminants but typically 
will not oxidize them Low temperature has been implemented to treat industrial and hazardous 
wastes 

The followmg factors may limit the applicabdity and effecbveness of the process 

There are specific feed slze and matenals handling reqwrements that can impact 
apphcablllty or cost at specific sites 

Dewatenng may be necessary to acheve acceptable sod moisture content levels 
and 

=ghly abrasive feeds can potentdly damage the processor unit 

The target contarmnant groups for low temperature thermal desorphon systems are 
halogenated and nonhalogenated volahle organic compounds and petroleum hydrocarbons The 
technology can be used to treat halogenated and non halogenated semvolat~le organic compounds 
and pesbcides but may be less effechve Excavabon assocmted with low temperature thermal 
desorpbon poses a potenbal health and safety nsk to site workers through slan contact and au 
emissions Personal proteChVe equpment at a level commensurate wth the contammants 
mvolved is normally required dunng excavabon operabons 

Apprommate overall cost is less than $lOo/ton ($llO/metrrc ton) Low temperature 
thermal desorpbon is relabvely labor intensive The slall and tmnmg level requlred for most 
of the operabng personnel is mmmal Low temperature thermal desorpbon is considered to be 
both capital and O&M intensive 

A 6 4 3  HT-5 Thermal Drstiilatron Process 

l h s  process heats wastes m a mtrogen atmosphere to v a p m  volatde and semivolable 
compounds The resulhng hot gases are condensed to recover liquificd hydrocarbon products 
Some pilot and full scale tcshng has been performed to evaluate h s  process The equipment 
requlred for thu process is avadable 

The followng factors may bmit the applicabdity and effechveness of the process 

Removal efficiencies are unknown 

The organic content of the waste stream 
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Process requires supplemental heahng and coolmg/rehgenbon and capital costs 
for the purchase of nitrogen and 

Process is considered innovabve 

A 6 4 4  Pyrolyse 

Chemical decomposibon is lnduced in organic matenals by heat in the absence of oxygen 
residue (coke) Organic matenals are transformed into gaseous components and a solid 

contaming fixed carbon and ash Pyrolysis is currently under development 

The followng factors may hmit the applicabhty and effwbveness of the process 

There are speclfic f d  sue and makrds handhg requmments that impact 
apphcabhty or cost at specific sites and 

The technology requlres a low soil moisture content Highly abrasive feed can 
potenhdly damage the processor unit 

The target contarmnant groups for pyrolysis are all halogenated and non halogenated 
semivolatde organtc compounds and pesbcides The technology also may be used to treat 
halogenated and nonhalogenakd volahle organtcs and fuels but may be less effectwe 
Excavabon assocrated wth pyrolysis poses a potenhal health and safety nsk to site workers 
through slan contact and ar emissions Personal protectwe equipment at a level commensurate 
with the contamlnants mvolved normally would be requmd dunng excavabon operabons 

Overall cost of remediatmg approximately 20 O00 tons (18 200 metnc tons) of 
contaminated medla is expected to exceed $300/ton ($33O/metnc ton) qrrOlysis is considered 
to be both capital and O&M mtensive 
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APPENDIX B 

DESCRIPTION OF GROUNDWATER TECHNOLOGIES AND PROCESS OPTIONS 
PASSING THE TECHNICAL IMPLEMENTABILITY SCREEN 
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DESCRIPTION OF GROUNDWATER TECHNOLOGIES AND PROCESS OPTIONS 
PASSING TECHNICAL IMPLEMENTABILlTy 

This secbon prowdes a descnpbon of the technologies for the remedubon of 
contaminated groundwater at RFET.S The technologies lncluded in this secbon cover the range 
of opbons and approaches avadable to treat contammated groundwater or otherwise protect 
human health and the envvonment These technologies alone or combmed have been rn the 
development of altemabves to sahsfy the CombvdRemediaI Acbon Obje~tl~es (C/RAOs) 
EPA documents engmeenng reference mateds techcal journals penodicals and reference 
data bases were used to develop these technology descnpbons 

The technologies are orgamed m general by (1) general response actlon (2) technology 
type and (3) process opbon The general response acbons are no acbon msbtut~onal controls 
contamment contsunment removal zn situ treatment and ex situ treatment 

B l  NO FURTHER ACTION 

No further acbon prowdes a baseline exposure nsk scenano for comparrson with the nsks 
associated wth the implementahon of other technology types and is requved under CERCLA 
(EPA 1988) No acbon means no acbv~t~es are conducted nor technologies implemented to 
address potenbal groundwater and surface water contarmnabon or mterrupt potenbal human 
health and envmnmental exposure pathways 

B 1 1  Intlvlsic Remediation 

Natural processes such as dilubon volatdmbon biodegradabon adsorpbon and 
chemical reacbons with natural occurring mateds may reduce contammant concentrabons over 
bme These processes are referred to as intnnsic remediabon or natural attenuahon and may 
coincide wth no actIon 

Occurrence of intnnsic remediabon is detemuned by the types of contarmnants present 
and the specifics of the slte Target contaminants for mtnnsic remedlahon are non halogenated 
volable and semivolatde orgmcs and petroleum hydrucarbons Halogenated volatde and 
semivolatde compounds and pesbcides can also be allowed to naturally attenuate but the process 
may be less effmtlve and may be apphcable only to some of these compounds 

The followmg factors may lrmt the apphcablllty and effwbvmess of the process 

No acbon and mtnnsic remediatlon should be used only m low nsk sltuabons and 

May requue penodic surface water and groundwater momtonng (EPA 1988) to 
detemune if any changes have taken place m short term and long term nsks 
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B l l l  Groundwater Monitomg 

Site specific charactensbcs that mfluence the placement of monitonng wells include the 
nature of the aquifer (e g artesian) charactensbcs of potenbal leachate and groundwater depth 
flow rates and direcbon of flow Based on assumpbons and data about the charactensbcs of 
the site approxlmate permeabllrty of soils in the zone of aerabon and direcbons and velocibes 
of groundwater flow the maxlmum probable areal extent of contammant migrabon can be 
esbmated as a basis for estabhshmg the poshon of monitonng wells 

Proper locabon and mstallabon of momtonng wells are essenhal to a monitonng program 
A minimum of four groundwater momtonng wells are typically mstalled at a hazudous waste 
site one upgradient well and three downgradient wells However ate hydrogeology is often 
too complex for only four wells to provide adequate detecbon of groundwater contaminabon 

Upgradient wells are placed beyond the upgradient extent of contammahon At least threz 
downgradient wells are located to ensure that releases of hazardous waste or hazardous waste 
consbtuents from the hazardous waste management unit(s) to the uppermost aqufer will be 
quickly detected The speclfic number of wells to be included m a detecbon system depends on 
the honmntal spacmg between well locabons and the verhd sampling mterval of mdividual 
wells 

B 2  INSTITUTIONAL CONTROLS 

Insbtubonal controls reduce exposure to site contarmnants through adrmrustratwe acbons 
and access restncbons Admimstrabve acbons include land use restncbons and monitonng of 
condibons at the site The mtent of access mtncbons is to mtempt exposure pathways 
Access restncbons mclude barners fencmg and w m g  signs 

Insbtubonal controls may be appropnate for ntes where the potenbal for exposure is 
minimal or where basehe nsks are determined to be low However msbtuhonal controls may 
also be selected for hghly contammated sites where the nsks to workers or commumty dunng 
remediahon would exceed the present nsks at the srte In this case instmbonal controls could 
include site access restnmons 

As mdmted above msbtubonal controls may be combmed with other response acbons 
mto altemahves to sabsfy remedial acbon objecbves For example if a site is remednted 
through contamment or treatment insbtubonal controls such as deed restncbons or access 
restncbons may be implemented dunng as well as after the srte is remediated 
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B21 Access Restrictions 

Access mtncbons which include fenang locks warning signs and other physical 
bmers  reduce potenhal exposures by prevenmg or hmitmg access to contammated areas 
Access restnchons can also mclude guards hghtmg and alarms The most common access 
restncbons applicable to humans would be fences around the contaminated area and locks and 
tags on all exisbng groundwater wells 

The following factors may hmt the apphcabllity and effechveness of the process 

Access restnctlons may need to be expanded if contamtnants migrate and 

Vemcal access resmcbons are difficult to establish 

B211 Fencmg, Secunty 

Exposure to contammants would be reduced or eliminated by installlng a fence around the 
enhre site Long term secunty would be provided to ensure the public does not enter mto the 
restncted area Monitonng would need to be performed to ensure the contammants did not 
migrate outside the fenced area If contarmnahon migrahon occurred the fenced area may need 
to be expanded to ensure protechon of the pubhc 

B212 Lock Out/Tag Out Wells 

To hmit exposure of contaminated groundwater from the pubhc existmg groundwater 
wells would be locked and tagged The wells would be tagged wth an idenQficahon marker 
nohfying the pubhc that the well was contaminated The loclang and tagging of groundwater 
wells would prevent the publlc from contactmg the contammated groundwater 

B 2 2  Land Use Restrictions 

Exposure to contarnurants may be reduced or elimnated through land use restncbons 
Land use reStnChons may be mcorporated in deeds or zonmg requirements Often deed and 
zoning restncbons must be together because deed restnchons indicate what cannot be done and 
zoning restnct~ons lndicate what can be done Before deed restnctrons may be accomplished 
a comprehensive hue search would need to be completed to venfy Fee Simple ownershp (1 e 
mineral water and other mherent nghts) of the land 

B221 Deed Restri&om 

Exposure to contarmnants may be reduced or elimmated by adding restncbons to the 
For example residenhal or commerczil property deed that hmt the future land use 
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construchon in contammated areas could be prohibited by defining those areas and adding an 
appropnate stlpulatlon in the proprty deed The contammants would not be removed but may 
be reduced over bme by natural attenuabon 

The followng factors may hmit the applicability and effectweness of the process 

The mneral water or other mherent nghts must be purchased if they are owned 
byanotherparty and 

Potenbal present and future legal challenges may cause difficulbes 

B222 Zotung Restrictions 

Exposure to contaminants may be reduced or ehminated by restnctmg future land use 
through zoning ordinances Zoning restnct~ons would restnct development or use of the entlre 
property rather than just the contammated areas Agam the contaminants would not be 
removed but may be reduced over bme by natural attenuabon 

The followmg factors may hmt the applicabihty and effecbveness of the process 

Bmng restncbons may be changed by public and msbtubonal decree at any 
hme and 

Potend present and future legal challenges may cause difficulbes 

B223 Regulatory Restrictions 

A local groundwater regulatory restnctlon would be obtatned to requm regulatory review 
of all groundwater well mstallabon plans m the area The restncuon would prevent any dnnlang 
water supply wells from bemg mstalled m contaminated parts of the aquifer This would 
ehminate the potenhd exposure pathway to the public from a contaminated dnnlang water 
supply 

B 3  CONTAINMENT 

Contamment mtempts the exposure pathways to contarmnated groundwater Contamment 
reduces the mobihty but does not reduce the toxicity or volume of the contammants 
Contamment may also prevent or reduce the mfiltrabodpercolabon of surface! waters to the 
groundwater thereby reducmg the recharge rate of the aquifer Contatnment technologies 
include surface water controls and honzontal vertical and hydrauhc barners 
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B 3 1  Surface Water Controls 

This contamment method uses soil treatment revegetabon grading and compacbon to 
create a hydraulic barner that hmts the migrabon of contaminated surface water Groundwater 
controls reduce contaminant mobdity but not contarmnant toxicity or volume 

B311 Enhanced Soil Treatment, Revegatation, Grading, and Compaction 

The surface of the cover sods would be stabdual to decrease erosion by m d  and water 
and to contnbute to the development of a stable surface environment Vegetabon is typically 
the aesthehcally preferred final surface of a cappmg system Proper vegetabon establishment 
would reduce the damagmg effects from emuon due to wmd and surface water runoff Plants 
also transmt water from the mil to the atmosphere through evapotranspuabon prowding a 
removal pathway for the water stored in the topsod When coordmated wth surrounding nahve 
species the plants also prowde a pleasant blend wth natural surroundmgs 

Vegetabve covers mclude gradrng and bacldilhng the contammated area wth general 
bacWitopml matenal planbng vegetabon and applymg pea gravel 

The followmg factors may hmit the applicabhty and effechveness of the process 

Baclcf'iillmg and grading prowde no hydraulic barners to prevent mfiltrabon of 
precipitabon rnto underlymg matenal 

Sod types and avalabihty of water are c n h d  for development of a vegetatwe 
surface 

Penodic repatr and mamtenance may be required 

The process is not usually a long term contamment process and 

Morutonng and a leak detectlon system may be requved 

B 3 2  Groundwater Controls 

Thls contatnment method uses extrachon wells or interceptor systems to create a hydrauhc 
barner that limts the mgrahon of contaminated groundwater Typically extrachon wells are 
placed at the downgradient edge of the groundwater plume to capture the contammated 
groundwater and extract it to the surface Groundwater controls reduce contarmnant mobihty 
but not contaminant toncity or volume 
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B321 Extraction Wells 

Movement of contammated groundwater can be controlled or prevented by use of a 
specially designed hydraulic system including extracbon wells Extracbon systems must have 
a moderate to high operabond flembihty whch allow the system to meet increased or decreased 
pumping needs Extracbon wells use pumps to mse groundwater to the surface resulbng in a 
cone of depression that forms around each well Usually a network of extracbon wells is used 
The network is designed wth wells at specific depths and locabons to opbrmze groundwater 
recovery In some circumstances the need to employ dmcbonal dnlhng may be for extracbon 
systems Dimbonal dnllmg mcludes angled boreholes where surface access may be a problem 
or honzontal dnkng tn whrch homntal extracuon systems are mstalled to capture shallow 
near surface groundwater Direcbonal ddmg technolopes are becommg more common m 
remediatton systems 

B 3 2 2  Interceptor Trenches 

Interceptor trenches mclude any type of trench or bund conduit to convey hquids 
(unconfined groundwater) by grawty flow French drams funcbon essenbally hke an mfinite h e  
of extracbon wells To effecbvely collect groundwater h c h  d m s  must be keyed to the 
bedrock The trenches may be excavated to a depth of approxlmakly 30 feet umg convenbonal 
backhoes and to much greater depths umg telescopic backhoes or clamshells After eXCaVah0n 
a perforated pipe is placed m the trench and backfilled wth clean gravel If surface water 
collechon is desired the gravel wll be open at the surface if not the last few feet will be filled 
with soil and revegetated Collected water wdl dram by grawty to a pump stabon where it wdl 
be extracted This process is also known as mtemptor trenches and subsurface d m s  
Synthebc membrane cutoff walls may also be included m th~s category and addibond 
mformahon may be found m Secbon B 3 2 3 

The followng factors may hmt the applieabhty and effectiveness of the process 

These methods are hmted to depths whrch can be excavated 

Heterogeneous aquifers low hydrauhc conducbwty and shallow hydrauhc 
gradient limit apphcablllty of this process 

Deagn of a h c h  dram requires pnor dehneabon of the contammant plume and 
knowledge of &he aquifer properhes and 

Legal issues regardrng water nghts may need to be resolved 
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B 3 3  Vertical Barriers 

Verhcal bamers prevent the migrabon of contammated water by physically restnctlng 
horrzontal groundwater flow These bamers have become the pnncipal means for contamment 
of contarmnated plumes that threaten aquifers Used in combinabon wth groundwater pumping 
or capping these bamers must normally be attached or made COnbgUOUS (keyed) wth another 
low permeabihty geological layer such as bedrock or clay ln order to restnct secondary vertrcal 
migrabon of contaminants The use of bamers is therefore hmited to sites where such 
geological layers are avdable and accessible or where the bedrock is not heady fractured The 
major types of verhcal bamers are sheet pihg slurry walls and synthehc membrane cutoff 
walls 

B331 Sheet Alrng 

Thrs verhcal bamer is installed by dnwng a sheet of corrugated metal mto the ground 
Addibonal sheets of metal can be connected to create one long solid wall around the 
contammated area By placmg the metal wall around the contarmnated area it encloses the 
contammated groundwater in one locabon and ehminates contarmnant nugrabon The 
effectweness of the sheet piling increases wth bme as fine-griuned sod parhcles wash lnto the 
seams creatmg a better seal between sheets 

The followng factors may hnut the applicabrlrty and effectmeness of the process 

The technology only contams the contanunants to a specific area and 

The technology is not feasrble to implement m rocky soils or large areas 

B 3 3 2  Slurry walls 

These subsurface bamers consist of a verhcally excavated trench that is filled with a 
slurry The slurry usually a mture of bentomte and water hydrauhcally shores the trench to 
prevent collapse and forms a filter cake to reduce groundwater flow In some cases sod or 
cement is added to the bentomte slurry to form a soil bentomte or cement bentomte bamer 
Slurry walls can be keyed to a confhng layer of clay or bedrock or left hangmg when 
contarmnants do not nux wth the groundwater Slurry walls are often used where the waste 
mass is too large for prachcal treatment and where soluble and mobde consbtuents pose an 
immment threat to a dnnlang water source They are economical at moderate depths (40 to 70 
feet) and have a low water permeablllty (from 10.’ to 101 cmlsec) Slurry walls have been 
successfully implemented at hazardous waste sites 
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The followmg factors may hmit the applicabhty and effecbveness of the process 

The technology only contams the contaminants to a specific area 

Soil bentonite backfills are not able to withstand attack by strong acids bases salt 
solubons and some orgamc chemicals There is some concern regardmg the 
permeability of slurry walls to cemn organic compounds 

There IS the potenbal for the slurry walls to degrade or detenorate over bme 

The trenches are generally hmited to an excavated depth of appronmately 30 feet 
using convenbonal backhoes Greakr depths approachmg 70 feet can be 
achieved usmg telescopic backhoes or clamshells 

Slurry walls are apphcable to the full range of contarmnants with no partrcular target 
group but are considered to be capital lntenslve 

B 3 3 3  Synthetic Membrane Cutoff Wall 

synthehc membranes are used to form a cutoff wall to divert or contam groundwater 
Compabbhty testmg of the hers wth chemical wastes must be performed to detemune 
durabhty In order to place a synthetx membrane h e r  as a vemcal barner a trench must be 
dug from the surface to an impervious soil layer and a h n  must be placed m the bottom of 
the trench to remove excess water The synthebc membrane must be suspended vemAly in the 
trench and the trench must be backfilled with sand or other suitable matenal To be effecbve 
the hner must be keyed lnto the underlying impemous h e r  Dunng construction the trench 
must reman open to fkcditate placement of the liner Extra precaubons must be taken m loose 
unconsolidated matenals to ensure proper placement of the liner 

The followrng factors may hmit the applicablllty and effecbveness of the process 

The technology only contarns the contaminants to a spe!cific area 

Construcbon dependrng on site condibons may be difficult and the synthetx 
membrane may become damaged and 

The trenches are generally limited to an excavated depth of approximately 30 feet 
using convenbonal backhoes Greater depths approaching 70 feet can be 
acheved usmg telescopic backhoes or clamshells 
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B34 Horizontal Barriers 

Honzontal barners are used in conjuncbon wth vertmil barners to contam contaminated 
groundwater thereby reducmg groundwater exposure pathways to the public By instahng a 
honzontal barner surface water is diverted from the impacted area and does not 
infiltrate/percolate to the contaminated groundwater By reducing the infiltrabon/percolaQon rate 
of surface water the recharge rate of the aquifer is reduced Homntal barners applicable to 
surface water mclude asphalt based cover compacted clay cover and mulb layer covers 

B341 Asphalt Based Cover 

An asphalt based cover mvolves placing an asphalt layer over a crushed stone bedding 
layer d m t l y  on the site surface Before the pavement is placed the site surface must be 
compacted and graded to prevent differentd settlement Pavement is subject to craclang 
through weathenng processes and has not frequently been used for long term contamment of 
hazardous wastes 

The folloumg factors may limit the applicabdity and effecbveness of the process 

The technology only contams the contaminants in a specific area 

Pavement is suscepuble to damage by weather (e g sun and the freedthaw 
cycle) plants and animals 

Design life may be inappropnate for the contaminants of concern 

Penodic repar and mamtenance may be required 

The process is not usually a long term contamment process and 

Monitonng and a leak detecbon system may be required 

B342 Compacted Clay Cover 

Compacted clay is frequently used in single or mulbple layers m the final cover system 
of both hazardous and mumcipal waste landfills These cover systems may also be utllized to 
contam contammated sods Bentomte a natural clay with high swelllng propert~es is often 
transported to a site and muted wth onslte soil to produce a low permeabllrty cover matenal 
Onsite sods can somettmes be compacted to achieve the required permabllrty of 1 x lo7 cdsec 
or less Vegetabon is typically the final surface of a cover system Proper vegetabon reduces 
the damagmg effects from erosion due to wmd and surface water runoff 
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The followmg factors may hmit the applicabhty and effecbveness of the process 

The technology only contams the contaminants in a specific area 

The uniformity of compacted soil walls is difficult to control 

The cover may requve large volumes of construcbon matenal 

Weathenng (craclang) of the clay cover may requue extensive mamtenance and 

MOWOnng and a leak detecbon system may be required 

B343 Multi layer Cover 

Clay compacted soil or synthebc membranes are frequently used m single or mulbple 
layers m the final cover system of both hazardous and mumcipal waste landfills These cover 
systems may also be ut&& to contam contaminated soils Bentonite a natural clay wth high 
swellmg properhes is often transported to a site and mixed wth onsite soil to produce a low 
permeabdity cover matenal Somebmes onsite soils can be compacted to achieve the requved 
permeabhty of 1 x 10' cm/m or less The most common synthebc membrane matenals are 
polyvinyl chlonde polyethylene butyl rubber HypalonO and neoprene 

An example of a mulh layer cover would consist of the followmg (1) a gas-collecbon 
layer (2) a composite hydrauhc barner layer combuung a compacted-clay and a flexrble 
membrane h e r  (3) a biobc barner and dmnage layer (4) a topsoil layer and (5) a permanent 
vegetabve cover 

The following factors may limit the apphcability and effecbveness of the process 

The technology only contams the contaminants m a specific area 

The uniformity of compacted soil walls are difficult to control 

Synthebc membrane matenals can be easdy damaged by weather human acbwty 
and animals 

SYnthehC membrane matenals can degrade over bme and may need to be 
mamti-unedorreplaced and 

Monitonng and a leak detecbon system may be required 



B 4  REMOVAL 

Groundwater may need to be removed for ex szfu treatment to lower the water table or 
to contam a groundwater contammatron plume Groundwater may be removed by extractron 
technologies such as extractron wells or interceptor trenches 

B41 Groundwater Extraction 

Groundwater extracbon is often used m conjunctton with ex nfu treatment technologies 
or groundwater control technologies to prevent further contarmnabon of the groundwater With 
proper placement and operahon a groundwater extracbon system can capture contarmnants m 
groundwater and control mgrabon of contammated groundwater Therefore extrachon wells 
and mterceptor trenches can serve both as a groundwater contamment technology and as a 
collectron technology 

The followng factors may l int  the applicablllty and effectrveness of the process 

Heterogeneous aquifers low hydraulic conducbvity and shallow hydrauhc 
gradient hmt apphcabdity of groundwater extrachon 

Immiscible contaminants may not be extracted with the groundwater 

Design of a network requves pnor deheabon of the contammant plume and 
knowledge of the aquifer propert~es and 

Legal issues mgardmg water nghts may need to be resolved 

B411 Extraction Wells 

A descnptron of e x m o n  wells is prowded in Sectron B 3 1 1 

B412 Interceptor Trenches 

A descnphon of lnterccptor trenches is prowded ln Secbon B 3 1 2 

B42 Groundwater Transport 

Groundwater may be transported over short distances to an onsite treatment faclllty wth 
the use of truck/ratl hauling or a pipelme system 
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B421 Truck/Rad Hauling 

Groundwater may be transported by hauling the water in trucks or ml  cars to a treatment 
facdity 

The followng factors may hmit the applicabdity and effechveness of the process 

e The &stance between the contammated site and the nearest treatmentldisposal 
facrllty 

e Quanhty of the contammated matenal 

e Charactensbcs of the contammated matenal and its compabbhty wth the 
transport system and 

e Site access and topography 

B422 Pipeline 

A pipehne consists of a pipehe and pump equipment used to transport groundwater A 
pipehne requires removal of groundwater piping and pumps to move the groundwater to a 
treatment facility Due to costs pipeline systems are relahvely short and are used as a 
component of treatment systems A pipeline may be used as a temporary or long term transport 
system 

The following factors may limt the applicability and effechveness of the process 

e The distance between the contammated site and the nearest treatmentldisposal 
facihty 

e Quanhty of the contammated matenal 

e Charactenshcs of the contaminated matenal and its compabbllrty with the 
transport system and 

e Site access and topography 

B43 Disposal 

Followmg collechon storage or treatment the water must be disposed Disposal opbons 
mclude the onsite sewage treatment plant 
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B 4 3 1  RFETS Sewage Treatment Plant 

The onsite sewage treatment system is currently designed to process domesbc sewage 
storm water and some mdustnal water such as compressor or steam condensate The system 
may also except industnal wastes such as cleaning solutions or water in the fire lmes on a case 
by-case basis The system is an acbvated sludge treatment system which w11 remove organics 
The system will not effectwely treat metals or radionuclides The system currently operates at 
an average flow rate of 70 to 140 gallons per m u t e  (gpm) but may be operated up to 350 
m m  

The follomg factor may hrmt the apphcablllty and effechvencss of the process 

The system wdl need to be evaluated to ensure that it can treat all of the OU2 
COCS 

B S  IN SITU TREATMENT 

In sztu treatment technologies described m the followmg paragraphs mvolve treahng the 
contarmnated groundwater m place unbl remedial acbon objechvcs are met Apphcabdity of zn 
situ methods must generally be estabhshed on a site-specific b a s  by pdot scale treatabhty 
studies In situ treatment mcludes biological treatment physicallchemical treatment and thermal 
treatment 

BS1 Biological Treatment 

Bioremednhon uses naturally occumg rmcro-orgmsms such as bactena fungi or 
yeast to degrade harmful chermcals mto less toxic or nontomc compounds Mcro-orgmsms 
hke all livmg organisms need nutnents (such as nitrogen phosphate and trace metals) carbon 
and energy to survlve ficro-organisms break down a wde vanety of organic (carbon 
contatning) compounds found m nature to ob- energy for their growth Many spezies of sod 
bactena for example use petroleum hydrocarbons as a food and energy source transforrmng 
them into harmless substances consistmg manly of carbon dioxlde water and fatty acids 
Bioremediahon harnesses thls natural process by promohng the growth of micro-organisms that 
can degrade contammants and converhng them to nontoxic byproducts The major biological 
processes include enhanced anaerobic bioremedlatron and co-metabohc process 

BSll Enhanced AnaembE Biommediation 

The acbvity of naturally occumg microbes is sbmulated by circulatmg water based 
solubons through contaminated groundwater to enhance zn situ biological degradabon of orgamc 
contammants Nutnents methane or other amendments may be used to enhance bioremediabon 
and contaminant desorption from subsurface maknals Generally the process mcludes above 
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ground treatment and condiboning of the infiltrabon water with nutnents and methane (or other 
electron acceptor) source Bioremediabon has been successfully applied at hazardous waste 
sites 

The following factors may hmit the applicabhty and effecbveness of the process 

Extensive treatablllty studies and site charactenzabon may be necessary 

Preferenbal flow paths may severely decrease contact between injected fluids and 
contaminants throughout the contammated zones 

The system should be used only where groundwater is near the surface 

Bioremediabon may not be applicable at sites where there are hgh concentrahons 
of heavy metals highly chlonnated organics or inorganic salts 

Target contarmnants for zn sztu bioremediabon are non halogenated volable and 
sernivolat.de Organics and petroleum hydrocarbons Halogenated volable and semvolatde 
organics and pesbcides also can be treated but the process may be less effecbve and may only 
be apphcable to some of these compounds Methane-oxidmg processes may be effecbve m 
enhancing degradabon of volable halogenated compounds 

Anaerobic bioremedubon has not been demonstrated for m situ apphcabons because! of 
the difficulty in mantsunmg an oxygen free enwronment and because of the temperature 
sensibvity of the mcrobes Research is currently being conducted to mvesbgate the faibhty 
of anaerobic degradabon for aquifers 

B512 Co-Metabolic Processes 

Water contarning dissolved methane and oxygen is injected into groundwater to enhance 
methanotrophic biological degradabon This class of micro-organisms can degrade chlonnated 
solvents such as m y 1  chlonde and TCE by co-metabolism Co-metabohsm is one form of 
secondary substrate transformabon UI which enzymes produced for pnmary substrate oxidabon 
are capable of degradmg the secondary substrate fortuitously even though the secondary 
substrates do not afford sufficient energy to susmn the mcrobial populabon Development of 
co-metabolic processes is at the pilot scale 

W e  development of bioreactors for methanotrophic TCE biodegradabon is progressmg 
well zn situ applicabon has not yet been demonstrated at a pracbcal scale A field 
demonstrabon project has been conducted at DOD s Moffett Naval Au Stabon and another is 
bemg conducted at DOE s Savannah hver Site 



The followmg factors may limit the applicability and effecbveness of the process 

This technology is sbll under development and 

Where the subsurface is heterogeneous it is very difficult to clrculate the methane 
solubon throughout every porbon of the contammated zone mgher permeablllty 
zones are cleaned up much faster because groundwater flow rates are greater 

Contarmnants treated by the co-metabohc processes are halogenated volable and 
semivolade orgarucs Non halogenated orgarucs petroleum hydrocarbons and pesbcides also 
can be treated but the process may be less effecbve and only apphcable to some compounds 

The overall cost for tius technology should be m the range of $3 W$lO 00/1OOO gallons 
($0 79 $2 64/10oO hters) 

O&M costs can be sigmficant because a conbnuous source of methane soluhon must be 
dehvered to the contaminated groundwater 

B52 ChemicaUPhysical Treatments 

Physical treatment is a process in which the hazardous waste is separated from its caner 
by vanous physical methods such as adsorpbon distdlabon and filtrabon Physical treatment 
is applicable to a wde vanety of wastes but further treatment is usually required For this 
reason physical treatment is often discussed along wth chemical treatment 

Chemical treatment is a p m s  in which the hazardous waste is altered by a chemical 
reacbon m order to destroy the hazardous component Wastes that can be treated by this method 
include both organic and morganic compounds without heavy metals Drawbacks to this method 
include the inhibibon of the treatment process reacbon by impunbes m the waste and the 
potenbal generabon of hazardous byproducts 

The major m srfu physml/chemical technologies mclude iur stnpping dvectlonal wells 
dual phase extracbon free product recovery hydrofractunng oxldahon and vacuum vapor 
extracbon Dmcbonal wells and hydrofractunng enhancement technologies that are often used 
in conjuncbon wth in situ physidchemrcal treatment are also discussed m this secbon 

h r  is injected mto a saturated matrices creatmg an underground stnpper that removes 
contarmnants through volathabon The technology is designed to operate at high au flow rates 
in order to effect volathabon (as opposed to the lower au flow rates used to mcrease 
groundwater oxygen concentrahons to sbmulate biodegradabon) Air stnppg must operate m 



tandem with SVE systems that capture volatde contammants stripped from the saturated zone 
Air stnppmg has been successfully implemented at hazardous waste sites 

The following factors may limit the applicabllty and effectweness of the process 

Depth of contammants and specific site geology must be 

Pressure levels must be designed for site specific condibons 

Channehng of the SUT flow can occur and 

Usmg au strippmg mthout SVE could create a net poslhve subsurface pressure 
that could induce contarmnant nugrabon beyond the contaminated zone 

Target contanunants for atr stripping are halogenated and non halogenated volatde orgmc 
compounds and petroleum hydrocarbons Only limted informahon is avalable on the process 

The overall costs should be less than $3 00/10oO gallons ($0 79/1OOO liters) An stnppmg 
is considered to be neither capital nor O&M intensive 

B522 Passive Treatment Walls 

A permeable reachon wall is installed in a excavated trench across the flow path of a 
contaminant plume allowmg the plume to passively move through the wall Target 
contaminants for passive treatment walls are halogenated volatde and semivolatde organic 
compounds and inorganics The technology can be used but may be less effectwe m treatmg 
some non halogenated volatde and semivolahle organics and petroleum hydrocarbons The 
halogenated compounds are degraded by reacbons wth a mixture of porous medn and a metal 
catalyst Development of passlve treatment walls is at the pilot scale 

The followng factors may hmt the apphcabihty and effecbveness of the process 

The technology is apphcable only in relatwely shallow aquifers because the trench 
must be constructed down to the level of the bedrock or an impermeable clay and 

Passrve treatment walls are often only effechve for a short hme because they lose 
theu reachve capacity requiring replacement of the reacuve medium 

There is madequate informafion to detemune overall cost for this technology Passive 
treatment walls are considered to be capital intensive 
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B 5 3  Thermal 

Thermal treatment processes may decompose hazardous components ln groundwater mto 
less hazardous or non hazardous components When subjected to high temperatures organic 
wastes decompose to si- less toxlc forms Complete combusbon yields carbon dioxlde and 
water plus small amounts of carbon monoxlde mtrous oxides and chlonne and brormne acid 
gases Thermal treatment is most suitable for orgaruc wastes and is less effectwe when 
attemphng to detoxify heavy metals and inorgaruc compounds One drawback of thermal 
treatment is the hgh cost mvolved 

B531 Thermally Enhanced Soil Vapor Extraction 

Thermally enhanced SVE uses steamhot sur mjecbon or electnc/mho frequency heahng 
to increase the mobhty of volatdes to facihtate extracbon The process lncludes a system for 
handhng off gases Thermally enhanced SVE may be used to treat the sods III the saturated 
zone Thermally enhanced SVE has been applied to contarmnated sods at hazardous waste sites 
and is deslgned to treat halogenated and non halogenated sermvolatde orgmc compounds 
Thermally enhanced SVE technologies are also effecbve in treatmg some pesbcides dependmg 
on the temperatures acheved by the system The technology may also be used to treat some 
halogenated and non halogenated volatde organic compounds and petroleum hydrocarbons but 
effectweness may be hrmted 

The followng factors may hmit the applicabihty and effectweness of the process 

Debns or other large objects bund in the medla can cause operatmg difficulbes 

Use of the technology is hmited to a slope of 5 or less 

Performance vanes depending upon the process selected because of the maxlmum 
temperature acheved, and 

The soil structure at the site may be modified dependmg upon the process 
Selected 

The thermally enhanced SVE processes used by each vendor are notably different and 
should be mvmgakd lndiwdually for more detaded informabon Heahng mechanisms 
employed by vendors may mclude but are not hmited to radio frequency hcatmg (SeChOn 
B 4 4 2) and &phase heatmg A &phase heabng demonstraoon project is underway at RFETS 
results will be avsulable under separate cover Since thermally enhanced SVE is an m situ 
remedy and all contammants are under a vacuum dunng operabon the possibihty of contarmnant 
release is mimal 
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Avadable data indicate that the overall cost for treatment using thermally enhanced SVE 
systems is approxlmately $50-$75/ton ($55 $82/metnc ton) excluding treatment of off gases and 
groundwater Thermally enhanced SVE is considered to be both capital and O&M intensive 

B 6  EX SITU TREATMENTS 

For the 4x situ treatment of groundwater the groundwater would be extracted from the 
ground treated in the exlstmg onsite groundwater treatment fac&ty and released The 
following subsemons describe chemicaYphysical treatment and the onsite water treatment 
system 

B61 ChemsCaYPhysiCal 

Physical treatment is a process m which the hazardous waste is separated from its m e r  
by vanous physical methods such as adsorphon dishllahon and filtrahon Physical treatment 
is apphcable to a wide vanety of wastes but further treatment is usually requved For th~s 
reason physical treatment is often discussed along wth chemical treatment 

I 

Chermcal treatment is a process m which the hazardous waste is altered by a chermcal 
reachon in order to destroy the hazardous component Wastes that can be treated by thls method 
include both orgaruc and morgaruc compounds Drawbacks to h s  method lnclude the mhbihon 
of the treatment process reachon by impunbes m the waste and the p o t e n d  generahon of 
hazardous byproducts 

B 6 1 1  Onsite Water Treatment Plant 

The onsite water treatment system is currently designed to process groundwater 
contaminated with organic and inorganic contanunants (includmg radionuclides) The system 
was specifically designed in 1989 to remove organics uranium and heavy metals The 
treatment system consists of an mfluent storage and transfer system separate treatment systems 
for organic and morganic contammants and an effluent storage and discharge system The first 
treatment system is designed to oxidlze organics through an ultrawolet/hydrogen peroxlde 
(UV/H,Od treatment unit The second treatment system consists of an ion exchange system that 
removes u m u m  heavy metals selected anions and hardness The system is deslgned for an 
average flow rate capacity of 30 gallons per minute (gpm) and currently operates for a normal 
8 hour operahng shfi 

The followng factors may limit the applicabllity and effectiveness of the process 

The system wlll need to be evaluated to ensure that it can treat all of the OU2 
COCS 
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The capacity of the system may not be adequate to handle all of the OU2 
groundwater and adhhonal site waters 
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